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SUMMARY 

In an e f f o r t  t o  standardize atmosphere m o d e l s  used i n  Mars 
mission analyses and thus f a c i l i t a t e  i n t e rp re t a t ion  o f  such 
analyses, t en t a t ive  engineering models f o r  the Mars atmosphere 
a re  proposed. The emphasis here i s  on the en t ry  aspect of  the 
mission. Three models having pressures a t  the p l ane t ' s  surface 
of 10, 25, and 40 mb are  presented i n  b o t h  tabular  and graphic
form. An atmoaphere model f o r  w e  i n  terminal descent calculat ions 
i s  a l so  presented. The atmosphere models a re  presented i n  b o t h  
engl ish and metric units i n  terms of  e igh t  var iables  a s  a function 
of a l t i t u d e .  These model atmospheres a re  based, insofar  as 
possible,  on experimentally obtained data and a re  not envelopes
drawn around e x i s t i n g  models of the Mars atmosphere. 
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INTRODUCTION 

U n c e r t a i n t i e s  i n  t h e  s t r u c t u r e  and  chemical compos i t ion  of 
t h e  Mars atmosphere p r e s e n t  a problem of growing  impor t ance  i n  
Mars m i s s i o n  a n a l y s e s .  Lack of d e f i n i t i v e  data h a s  permitted
c o n s t r u c t i o n  of numerous e q u a l l y  p l a u s i b l e  models of t h e  atmos­
phere. As a r e s u l t ,  v a r i o u s  a n a l y s e s  of e n t r y  i n t o  t h e  Mars 
a tmosphere  are o f t e n  based upon w i d e l y  d i f f e r i n g  a tmosphere  
models, S i n c e  i t  i s  w e l l  known t h a t  i m p o r t a n t  r e s u l t s  of s u c h  
a n a l y s e s ,  e .  g . ,  h e a t i n g ,  loads,  l a n d i n g  t e c h n i q u e s  , are 
f u n c t i o n s  of t h e  a tmosphere  s t r u c t u r e  and c o m p o s i t i o n ,  i n t e r ­
p r e t a t i o n  of t h e  r e s u l t s  and compar ison  w i t h  r e s u l t s  of o the r  
a n a l y s e s  are o f t e n  c l o u d e d  by t h e  choice of a tmosphere .  

Obvious ly  a d d i t i o n a l  o b s e r v a t i o n s  and  d i r e c t  measurements  
of t h e  Mars atmosphere are b a d l y  needed  t o  d e f i n e  t h e  s t r u c t u r e  
and compos i t ion  w i t h  a c c u r a c y .  Such data are r e q u i r e d  f o r  
i n t e l l i g e n t  i n t e r p r e t a t i o n  and r e f i n e m e n t  of m i s s i o n  a n a l y s e s  and ,  
u l t i m a t e l y ,  for t h e  d e s i g n  of v e h i c l e s  t o  e n t e r  t h e  Mars atmos­
p h e r e .  U n f o r t u n a t e l y ,  a c q u i s i t i o n  of t h e  r e q u i r e d  o b s e r v a t i o n s  
t a k e s  t i m e  . U n t i l  be t t e r  s c i e n t i f i c  data  become a v a i l a b l e ,  
c o n s i d e r a b l e  b e n e f i t  c a n  be d e r i v e d  f r o m  s t a n d a r d i z i n g  on 
c e r t a i n  a tmosphere  models f o r  e n t r y  a n a l y s e s .  

I t  is  t h e  pu rpose  of t h i s  r e p o r t  t o  p r e s e n t  th ree  t e n t a t i v e  
models - a maximum, a minimum, and  a mean. An a tmosphere  model 
for t e r m i n a l  d e s c e n t  c a l c u l a t i o n s  i s  a l so  p r e s e n t e d  i n  Appendix D. 
I t  is  no t  t h e  i n t e n t  t o  p r e s e n t  new s c i e n t i f i c  models of t h e  
Mars a tmosphe re ,  b u t  ra ther  t o  p r e s e n t  r e a s o n a b l e  s t a n d a r d i z e d  
models which  w i l l  be u s e f u l  i n  e n g i n e e r i n g  s t u d i e s .  

2 



DEVELOPMENT OF ENGINEERING MODELS 

Atmosphere Parameters I m p o r t a n t  -i n  E n t r y  A n a l y s i s  

Before e s t a b l i s h i n g  a tmosphere  p a r a m e t e r s  i m p o r t a n t  i n  e n t r y  
a n a l y s i s ,  i t  is i n s t r u c t i v e  t o  examine s o m e  o f  t h e  c u r r e n t  models 
of t h e  Mars a tmosphe re ,  Twelve c u r r e n t  a tmosphere  models  are 
shown i n  F i g u r e  1, Al though t h i s  i s  n o t  a comprehensive p r e ­
s e n t a t i o n  of a l l  e x i s t i n g  models of  t h e  Mars a tmosphe re ,  i t  is  
r e p r e s e n t a t i v e  and demonst ra tes  t h e  e x t r e m e l y  wide  d i f f e r e n c e s  
i n  t e m p e r a t u r e ,  p r e s s u r e ,  d e n s i t y ,  and compos i t ion  f o r  t h e  v a r i o u s  
models .  Each of  t h e s e  p a r a m e t e r s  h a s  an  i n f l u e n c e  on t h e  Mars 
m i s s i o n ;  however,  c e r t a i n  of them may e x e r t  a c r i t i c a l  i n f l u e n c e  
and t h u s  d e s e r v e  s p e c i a l  a t t e n t i o n .  Fo r  example: 

1. 	 The d e n s i t y  s t r u c t u r e  (or d e n s i t y  scale h e i g h t  
which  i s  an  i n c r e m e n t  i n  a l t i t u d e  r e q u i r e d  t o  
produce  a change i n  d e n s i t y  by a f a c t o r  of e )  is  
i m p o r t a n t  i n  d e t e r m i n i n g  t h e  h e a t i n g  e x p e r i e n c e d
by t h e  e n t r y  body. S c a l e  h e i g h t  a l so  s t r o n g l y
i n f l u e n c e s  t h e  e n t r y .  gu idance  r e q u i r e m e n t s  and 
t h e  e n t r y  l o a d s .  

2, 	 The d e n s i t y  and  p r e s s u r e  n e a r  t h e  s u r f a c e  of  t h e  
p l a n e t  are v i t a l  f a c t o r s  i n  d e t e r m i n i n g  t h e  
t e r m i n a l  descent  and  l a n d i n g ,  The c o n f i g u r a t i o n
of  t h e  e n t r y  v e h i c l e  may a l so  be d i c t a t ed  by t h e s e  
f ac to r s .  

3 .  	 The c h e m i c a l  c o m p o s i t i o n  of t h e  a tmosphere
d e t e r m i n e s  t o  a l a r g e  e x t e n t  t h e  r a d i a t i v e  
h e a t i n g  e x p e r i e n c e d  by t h e  e n t r y  body. I t  may
a l s o  s i g n i f i c a n t l y  a f f e c t  r a d i o  communicat ions 
d u r i n g  e n t r y .  

I t  i s  t h u s  e v i d e n t  t h a t  (1 )  d e n s i t y  s t r u c t u r e ,  s u r f a c e  p r e s s u r e ,
and compos i t ion  a re  key f ac to r s  i n  e n t r y  a n a l y s i s  and (2) v a l u e s  
of t h e s e  p a r a m e t e r s  are w i d e l y  d i f f e r e n t  f o r  t h e  m o d e l s  shown i n  
F i g u r e  1. 

S i n c e  l i t t l e  r e l i a b l e  d a t a  e x i s t  on which t o  base a 
s c i e n t i f i c a l l y  a c c u r a t e  model ,  m o s t  of t h e  e x i s t i n g  models d i f f e r  
due t o  v a r i e d  i n t e r p r e t a t i o n s  of  t h e  l i m i t e d  d a t a .  I t  t h e r e f o r e  
becomes e x c e e d i n g l y  d i f f i c u l t  t o  s e t t l e  on any one model f o r  t h e  
Mars a tmosphere .  U n t i l  more d e f i n i t i v e  d a t a  become ava i lab le ,
i t  seems a p p r o p r i a t e  t o  develop models  which  r e p r e s e n t  reasonable 
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e x t r e m e s  and t o  c o n s e r v a t i v e l y  d e s i g n  e n t r y  c a p s u l e s  t o  cope  w i t h  
t h e s e  e x t r e m e s .  A c c o r d i n g l y ,  t h e  a tmosphere  models p r e s e n t e d  
h e r e i n  were deve loped  on t h e  b a s i s  of c u r r e n t  i n f o r m a t i o n  t o  produce
r e a s o n a b l e  ex t r emes  i n  c o m p o s i t i o n ,  s u r f a c e  p r e s s u r e ,  and scale 
h e i g h t .  The development  of t h e s e  models  w a s  s t r o n g l y  i n f l u e n c e d  
by t h e  r e c e n t  d i s c l o s u r e s  of Kaplan e t  a1 ( R e f  11, and Ku ipe r  ( R e f  2)
c o n c e r n i n g  t h e  s u r f a c e  p r e s s u r e  and c o m p o s i t i o n  of t h e  Mars 
a tmosphere .  

C a l c u l a t i o n  P r o c e d u r e  

Three  models  of  t h e  Mars a tmosphere  have been deve loped  - two 
e x t r e m e s  and a mean. These models  were g e n e r a t e d  by a computer  
program i n  u s e  a t  t h e  Manned S p a c e c r a f t  C e n t e r .  I n  p r i n c i p l e ,
t h e  t e m p e r a t u r e  p r o f i l e ,  t h e  s u r f a c e  p r e s s u r e ,  t h e  c o m p o s i t i o n ,  
and t h e  acce le ra t ion  of g r a v i t y  a t  t h e  p l a n e t ' s  s u r f a c e  were 
s p e c i f i e d .  The v a l u e s  of  d e n s i t y ,  p r e s s u r e ,  s p e e d  of sound,  
d e n s i t y  scale  h e i g h t ,  mean f r e e  p a t h ,  v i s c o s i t y ,  and k i n e m a t i c  
v i s c o s i t y  were c a l c u l a t e d  u s i n g  t h e  e x p r e s s i o n s  i n  Appendix Bo 

The i n p u t s  t o  t h e  computer  program fo r  t h e  t h r e e  models  were 
as f o l l o w s :  

Model 1 Model 2 Model 3 

S u r f  ace P r e s s u r e ,  mb 4 0  25  10 
Composi t ion ,  % by m a s s  C02 7 1/2 1 6  60 

N2 92 1 /2  84 4 0  
S u r f a c e  Temp,, , OK 300 250 200 
Troposphe re  Lapse R a t e ,  OK/km -3 ,, 64 -3 89  -4.55 
S t r a t o s p h e r e  Temp., OK 260 180 100  
Top of S t r a t o s p h e r e ,  km 150 150 150 
Thermosphere Lapse R a t e  OK/km 2 2 c--

S u r f  ace G r a v i t y  , cm/sec 2 375 375 375 

I t  s h o u l d  be n o t e d  t h a t  t h e  p r e s s u r e s  and compos i t ions*  quo ted  
were d e r i v e d  f r o m  t h e  same s e t  of s c i e n t i f i c  measurements  (Ref 1); 
however,  t h e  v a l u e s  given f o r  t h e  t e m p e r a t u r e  s t r u c t u r e  were 

$5The pressures of various const i tuents  l i s t e d  i n  Table 2 of  Reference 
1 are  r e fe r r ed  t o  i n  t h a t  paper a s  p a r t i a l  pressxres even'though
i t  was made c l ea r  i n  the discussion o f  equation 11 of  t h a t  paper
t h a t  this p a r t i a l  pressure i s  the weight of a cons t i tuent  in the 
atmosphere per un i t  a r ea ,  and thus represents  the mass densi ty  of 
the gas r a t h e r  than the number density.  For  convenience b o t h  mass 
and volume compositions are  l i s t e d  in Table I of the present 
r e p o r t .  
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derived i n d e p e n d e n t l y  from t h e  l i t e r a t u r e .  Combina t ions  of 
p r e s s u r e - c o m p o s i t i o n  d a t a  w i t h  t e m p e r a t u r e  s t r u c t u r e  d a t a  were 
a r b i t r a r i l y  chosen  t o  produce  ex t reme models.  For example,  com­
b i n i n g  t h e  h i g h e s t  s u r f a c e  p r e s s u r e  w i t h  t h e  t e m p e r a t u r e  s t r u c t u r e  
g i v i n g  t h e  h i g h e s t  t e m p e r a t u r e s  p r o d u c e s  a model w i t h  t h e  maximum 
p r e s s u r e  and d e n s i t y  fo r  any g i v e n  a l t i t u d e ,  and of c o u r s e ,  a 
model w i t h  t h e  maximum scale h e i g h t - t h i s  is  labeled maximum or 
model 1. It s h o u l d  be emphasized i n  c h o o s i n g  t h e  i n p u t s  t o  t h e  
computer  program t h a t  t h e r e  is  no  p h y s i c a l  basis  f o r  any co r re l a t ion  
between s u r f a c e  t e m p e r a t u r e  and s u r f a c e  p r e s s u r e .  

The s u r f a c e  p r e s s u r e s  were based  on the  work of Kaplan ,  e t  a1 
( R e f  1). Recent  a n a l y s i s  by Kuiper  ( R e f  2) g i v e s  v a l u e s  of  
s u r f a c e  p r e s s u r e  i n  close agreement  w i t h  t h e  lower p r e s s u r e s  pub­
l i s h e d  i n  Reference 1. 

Although t h e  evidence on chemica l  compos i t ion  is  n o t  con­
c l u s i v e ,  i t  is g e n e r a l l y  a g r e e d  t h a t  carbon d i o x i d e  is  t h e  o n l y  g a s
de tec ted  i n  l a r g e  q u a n t i t i e s  i n  t h e  Mars a tmosphere .  The v a l u e s  
g i v e n  for c a r b o n  d i o x i d e  w e r e  t a k e n  from R e f e r e n c e  1. For t h e  
p u r p o s e s  of d e t e r m i n i n g  v a l u e s  of m o l e c u l a r  w e i g h t  and o t h e r  con­
s t a n t s  r e q u i r e d  i n  t h e  c a l c u l a t i o n s ,  i t  is  assumed t h e  r e m a i n d e r  
of  t h e  g a s  i s  n i t r o g e n .  I t  i s  r e c o g n i z e d  t h a t  o t h e r  g a s e s  s u c h  
as argon (Ref 11,  o x i d e s  of n i t r o g e n  (Ref s  7 and 181, wa te r  v a p o r  
( R e f s  1, 3, 8,  9 ,  and 131, and oxygen (Ref 11, t o  name a few,  may
be p r e s e n t ,  b u t  t h e s e  q u a n t i t i e s  are p r o b a b l y  s m a l l .  

The s u r f a c e  t e m p e r a t u r e s  chosen  are r e p r e s e n t a t i v e  of t h o s e  
g i v e n  i n  t he  c u r r e n t  l i t e r a t u r e  and b r a c k e t  known s e a s o n a l ,  
d i u r n a l ,  and l a t i t u d i n a l  v a r i a t i o n s  (Refs  4 ,  5, and 6 ) .  The l a p s e  
r a t e s  quo ted  for t h e  t r o p o s p h e r e  are t h e  d r y  a d i a b a t i c  l a p s e  ra tes  
f o r  t h e  c o m p o s i t i o n s  g i v e n  f o r  s p e c i f i c  hea ts  based on t h e  a v e r a g e  
t e m p e r a t u r e  i n  t h i s  r e g i o n .  The s t r a t o s p h e r e  t e m p e r a t u r e s  g i v e n  
are r e p r e s e n t a t i v e  v a l u e s  drawn P r o m  the  c u r r e n t  l i t e r a t u r e  
( f o r  example,  R e f s  1 6  and  1 7 ) .  The h e i g h t  of t h e  base of t h e  
the rmosphere  w a s  based on v a l u e s  g i v e n  by Goody i n  R e f e r e n c e  10, 
The thermosphere  l a p s e  r a t e  w a s  based on a r e p r e s e n t a t i v e  v a l u e  
g i v e n  by Vachon ( R e f  1 1 ) .  The accelerat ion of  g r a v i t y  used  i s  a 
r e p r e s e n t a t i v e  v a l u e  g i v e n  i n  t h e  l i t e r a t u r e  ( R e f s  1 2  and 1 6 ) .  
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PRESENTATION AND DISCUSSION OF 


ENGINEERING MODELS 


The p roposed  e n g i n e e r i n g  models  of t h e  Mars a tmosphere  
are presented  i n  b o t h  t a b u l a r  and g r a i j h i c a l  f o r m .  Summarized 
i n  T a b l e  I are t h e  v a l u e s  of t h e  p r i m a r y  parameters which  
c h a r a c t e r i z e  e a c h  model .  The model a tmosphe res  are p r e s e n t e d  
i n  T a b l e s  11, 111, and IV i n  b o t h  m e t r i c  and e n g l i s h  u n i t s .  They 
are presented i n  t e r m s  of e i g h t  v a r i a b l e s  as a f u n c t i o n  of 
a l t i t u d e  i n  i nc remen t s  of one  k i l o m e t e r  f rom t h e  s u r f a c e  t o  one 
hundred  k i l o m e t e r s ;  i n  i n c r e m e n t s  of t e n  k i l o m e t e r s  f r o m  one 
hundred t o  one thousand  k i lome te r s ;  and  i n  i n c r e m e n t s  of f i f t y  
k i l o m e t e r s  above one thousand  k i lometers .  C a l c u l a t i o n s  and 
l i s t i n g s  for t h e s e  t h r e e  tables  were a r b i t r a r i l  t e r m i n a t e d  a t  
a l t i t u d e s  where t h e  d e n s i t y  f e l l  t o  10-14 gm/cm3 s i n c e  d e n s i t i e s  
of t h i s  o rder  or l ess  are of  l i t t l e  i n t e r e s t  i n  e n t r y  analyses , ,  

The v a l u e s  for t h e  r educed  c o l l i s i o n  i n t e g r a l  [a(2,.2)* I
(Ref .  19)  u s e d  i n  t h e  c a l c u l a t i o n  of t h e  v i s c o s i t y  and t h e  k i n e ­
matic v i s c o s i t y  are n o t  v a l i d  above temperatures  of 300°K; t h u s  
v a l u e s  of  v i s c o s i t y  and k i n e m a t i c  v i s c o s i t y  do n o t  a p p e a r  i n  t h e  
t ab l e s  f o r  a l t i t u d e s  c o r r e s p o n d i n g  t o  t e m p e r a t u r e s  above ‘ th i s  
ambient  v a l u e .  

P r o f i l e s  of  t e m p e r a t u r e ,  p r e s s u r e ,  and  d e n s i t y  a r e  i l l u s ­
t r a t e d  i n  F i g u r e s  2 a , b , c .  F i g u r e  2d shows the t h r e e  d e n s i t y  
p r o f i l e s  no rma l i zed  t o  e a r t h  s e a  l e v e l  d e n s i t y .  

F i g u r e  3 shows how t h e s e  t h r e e  models  compare w i t h  p r e v i o u s  
models  oii t h e  Mars a tmosphere .  The major d i f f e r e n c e s  between 
t h e s e  models  and p r e v i o u s  models of t h e  Mars a tmosphere  are 
t h e  s u r f a c e  p r e s s u r e s  and a t m o s p h e r i c  c o m p o s i t i o n s  t h a t  were 
assumed, These new lower su r face  p r e s s u r e s  c a u s e  t h e  d e n s i t y  a t  
any g iven  a l t i t u d e  t o  be lower t h a n  t h o s e  g i v e n  i n  p r e v i o u s  model 
atmospheres,’ however,  i t  s h o u l d  be n o t e d  t h a t  a minimum s u r f a c e  
d e n s i t y  u s i n g  t h e  parameters s e l e c t e d  i s  n o t  i n c l u d e d  i n  these 
models .  From F i g u r e  3 i t  c a n  be s e e n  t h a t  t h e  maximum and minimum 
scale  h e i g h t s  remain  e s s e n t i a l l y  unchanged. 

If a s u r f a c e  p r e s s u r e  of 10 m i l l i b a r s  i s  combined w i t h  a 300°K 
s u r f a c e  t e m p e r a t u r e ,  a d e n s i t y  of 50% l e s s  t h a n  t h a t  shown on 
model 3 would be d e r i v e d .  T h i s  a tmosphere  for u s e  i n  t e r m i n a l  
d e s c e n t  c a l c u l a t i o n s  i s  d i s c u s s e d  i n  Appendix D and i s  shown i n  
F i g u r e  4 .  
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I t  s h o u l d  be n o t e d  t h a t  i n  c a l c u l a t i n g  t h e  f o r e g o i n g  r e s u l t s  
t h e  v a r i a t i o n  i n  g r a v i t y  w i t h  a l t i t u d e  w a s  i n c l u d e d .  When t h e  
a tmosphere  i s  r e l a t i v e l y  deep  compared t o  t h e  p l a n e t ' s  r a d i u s ,  
as i t  i s  i n  t h e  case of Mars, t h e n  t h i s  v a r i a t i o n  of g r a v i t y  can  
be i m p o r t a n t  i n  d e t e r m i n i n g  t h e  p r e s s u r e  and  d e n s i t y .  s t r u c t u r e  over 
an  ex t reme range of a l t i t u d e .  However, f o r  many e n t r y  c a l c u l a t i o n s  
i t  is  o n l y  t h e  lower a tmosphere  s t r u c t u r e  for a r e l a t i v e l y  s m a l l  
r a n g e  of a l t i t u d e  t h a t  i s  i m p o r t a n t ;  hence a s s u m p t i o n s  of c o n s t a n t  
g r a v i t y  f o r  c a l c u l a t i o n  of a tmosphere  s t r u c t u r e  s h o u l d  n o t  i n t r o ­
duce s i g n i f i c a n t  e r ror .  For t h i s  case,  s i m p l e  a n a l y t i c  e x p r e s s i o n s
f o r  t h e  d e n s i t y  s t r u c t u r e  i n  t h e  t r o p o s p h e r e  and s t r a t o s p h e r e
r e g i o n s  can  be der ived  f r o m  t h e  basic e q u a t i o n s  of Appendix B. 
S i n c e  s u c h  e x p r e s s i o n s  are o f t e n  c o n v e n i e n t  t o  u s e  i n  machine 
programmed e n t r y  c a l c u l a t i o n s  t h e y  are p r e s e n t e d  i n  Appendix C 
t o g e t h e r  w i t h  t h e  p e r t i n e n t  c o n s t a n t s  for t h e  t h ree  Mars atmos­
p h e r e s .  Models were c a l c u l a t e d  u s i n g  t h e s e  e x p r e s s i o n s .  When 
p l o t t e d  t o  t h e  sca le  of  F i g u r e  2 c  t h e  r e s u l t s  are e s s e n t i a l l y  
c o i n c i d e n t  w i t h  t h o s e  o b t a i n e d  u s i n g  v a r i a b l e  g r a v i t y ,  

The p roposed  a tmosphere  models s h o u l d  be u s e f u l  i n  m i s s i o n  
a n a l y s i s  and d e s i g n  s t u d i e s  p r o v i d e d  p r o p e r  c o n s i d e r a t i o n  i s  
g i v e n  t o  t h e i r  l i m i t a t i o n s ,  A s  s t a t e d  p r e v i o u s l y ,  i t  w a s  
assumed ( p r i m a r i l y  f o r  t h e  pu rpose  of  c a l c u l a t i n g  p r e s s u r e  and 
d e n s i t y  p r o f i l e s )  t h a t  t h e  chemica l  compos i t ion  w a s  l i m i t e d  t o  
c 0 2 - N ~m i x t u r e s .  Al though a rgon  has  never been de tec ted  i n  t h e  
Mars a tmosphere ,  Kaplan  e t  a1 (Ref .  1 )  r e a s o n  on t h e  bas i s  of 
abundance a rguments  t h a t  a rgon  may be p r e s e n t  i n  s i g n i f i c a n t  
amounts.  The p r e s e n c e  of  a rgon  would have l i t t l e  e f f e c t  on t h e  
d e n s i t y  and p r e s s u r e  p r o f i l e ;  however,  i t  may i m p o r t a n t l y  a f f e c t  
t h e  p lasma s h e a t h  s u r r o u n d i n g  a v e h i c l e  d u r i n g  e n t r y ,  hence a f f e c t  
r ad ia t ive  h e a t i n g  and r a d i o  communicat ions.  I n  c o n t r a s t ,  t h e  
assumed t e m p e r a t u r e  p r o f i l e  d i r e c t l y  a f f e c t s  t h e  sca le  h e i g h t  and 
d e n s i t y  p r o f i l e .  Tempera tu res  n e a r  t h e  s u r f a c e  of Mars are 
be l ieved  t o  be r e l a t i v e l y  a c c u r a t e .  Tempera tu res  i n  t h e  i so thermal  
o r  even  t h e  a s sumpt ion  t h a t  an i s o t h e r m a l  r e g i o n  e x i s t s  are n o t  so  
r e l i a b l e .  Due t o  t h e s e  u n c e r t a i n t i e s  q u i t e  ex t r eme  t e m p e r a t u r e s  
w e r e  chosen  f o r  t h e  maximum and minimum p r o f i l e s .  I t  i s  reason­
able  t o  e x p e c t  t h e n  t h a t  t h e  d e n s i t y  p r o f i l e s  and scale  h e i g h t s  
f o r  t h e  t h r e e  a tmosphere  models w i l l  encompass t h e  p r o f i l e
and scale  h e i g h t  f o r  t h e  r e a l  Mars atmosphere. D e s p i t e  these 
s h o r t c o m i n g s ,  i t  i s  recommended t h a t  t h e s e  models be a c c e p t e d  as 
a t e n t a t i v e  s t a n d a r d  u n t i l  more d e f i n i t e  da t a  are ava i lab le  on 
t h e  Mars a tmosphere .  
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I 

CONCLUDING REMARKS 


The e n g i n e e r i n g  models of t h e  Mars a tmosphere  p r e s e n t e d  i n  
t h i s  report  are based on t h e  l a t e s t  data on t h e  Mars a tmosphe re  
known t o  t h e  a u t h o r s .  They have been deve loped  t o  r e p r e s e n t  
r e a s o n a b l e  e x t r e m e s  of the  Mars a tmosphere  f o r  e n t r y  a n a l y s i s
It i s  therefore  recommended t h a t  t h e s e  models be used  i n  any f u r t h e r  
NASA-sponsored a n a l y s e s  of Mars a tmosphere  e n t r y .  

D e s i g n i n g  e n t r y  v e h i c l e s  t o  t h e  w o r s t  combina t ion  of con­
d i t i o n s  described by t h e s e  models  u n f o r t u n a t e l y  leads t o  d e s i g n
compromises and w e i g h t  p e n a l t i e s .  I t  i s  e v i d e n t  t h a t  a d d i t i o n a l  
s c i e n t i f i c  data  on t h e  Mars a tmosphere  are needed t o  e l i m i n a t e  
t h e  need  f o r  these compromises and  t h e  a t t e n d a n t  w e i g h t  p e n a l t i e s .  
When improved o b s e r v a t i o n a l  data  are o b t a i n e d  t h a t  s i g n i f i c a n t l y  
r educe  t h e  Mars a tmosphere  u n c e r t a i n t i e s ,  t h e  models  p r e s e n t e d  
h e r e i n  s h o u l d  be r e v i s e d .  
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APPENDIX A 


LIST OF SYMBOLS 


a 

cP cv 

�5 

HP 

L 

m 
N 


P 

rO 

R 

T 

X 
Z 

P
r e f  

0 

@ 

(+2,2)* 


S u b s c r i p t s  

i , j  
mix 
0 


s t r a t  
%3 

s p e e d  of sound 

s p e c i f i c  h e a t  a t  c o n s t a n t  p r e s s . u r e  


s p e c i f i c  h e a t  a t .  c o n s t a n t  volume 

local  accelerat ion of g r a v i t y  


d e n s i t y  scale  h e i g h t  


mean f r e e  p a t h  


m o l e c u l a r  w e i g h t  


Avagard ro ' s  number 

p r e s s u r e  


p l a n e t  r a d i u s  


U n i v e r s a l  g a s  c o n s t a n t  


t e m p e r a t u r e  


m o l e  f r a c t i o n s  of  g a s  


h e i g h t  above t h e  s u r f a c e  


r a t i o  of  s p e c i f i c  hea ts  

k i n e m a t i c  v i s c o s i t y  


v i s c o s i t y  


number of g a s  components 


d e n s i t y  I 
Z 


r e f e r e n c e  d e n s i t y  ( p  = pref e 5) 

a v e r a g e  e f f e c t i v e  c o l l i s i o n  d i a m e t e r  for gas m i x t u r e  


z e r o  e n e r g y  c o l l i s i o n  d i a m e t e r  fo r  a g a s  


c o e f f i c i e n t s  Tor c a l c u l a t i n g  v i s c o s i t y  


r e d u c e d  c o l l i s i o n a l  i n t e g r a l  

components i and j of a m i x t u r e  


e n t i r e  m i x t u r e  


d e n o t e s  s u r f a c e  c o n d i t i o n  


d e n o t e s  s t r a t o s p h e r e  c o n d i t i o n  


e a r t h  
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APPENDIX B 

SUMMARY OF METHOD OF COMPUTING MODEL ATMOSPHERE PARAMETERS 

The r e s u l t s  p r e s e n t e d  i n  T a b l e s  11, I11 and I V  were c a l c u l a t e d  
u s i n g  t h e  i n p u t s  from T a b l e  I and t h e  equat ions p r e s e n t e d  h e r e .  
The calculat ion of a tmosphere  parameters w a s  based on a numerical  
i n t e g r a t i o n  of t h e  h y d r o s t a t i c  e q u a t i o n :  

The fol lowing a s s u m p t i o n s  w e r e  c o n t a i n e d  w i t h i n  t h e  i n t e g r a t i o n :  

G r a v i t y  var ies  as: 

The g a s  m i x t u r e  follows t h e  p e r f e c t  gas e q u a t i o n
of  s ta te :  

The t e m p e r a t u r e  v a r i e s  w i t h  a l t i t u d e  by a ser ies  of 
c o n s t a n t  l a p s e  r a t e s  (depend ing  on t h e  a l t i t u d e  range) 
as i l l u s t r a t e d  by F i g u r e  2A. 

With p ,  p and T t h u s  d e t e r m i n e d  as f u n c t i o n s  of a l t i t u d e ,  t h e  
fo l lowing  a d d i t i o n a l  q u a n t i t i e s  may be computed: 

R 
1/2  

Speed of Sound a = [YZ TI 

D e n s i t y  S c a l e  Hei 'ght H =  RT 



APPENDIX B (Continued) 

Mean Free Path RT 
= -?p 

V piV i s c o s i t y  (for the  mixture)  p
mix= C \ I  X2 

i=l 1' + 	2 4 J 
j = l  i , j  

-where 'i,j-

J 

(Values  of n(2  ')*were obta ined  
from ref .  19) 

Kinematic V i s c o s i t y  q = PIP  

14 




- 

APPENDIX C 

ANALYTIC APPROXIMATIONS TO THE ENGSmERING MODELS 

If t h e  acce le ra t ion  of g r a v i t y  i s  assumed c o n s t a n t ,  t h e n  
a n a l y t i c  e x p r e s s i o n s  can  be w r i t t e n  for t h e  d e n s i t y  v a r i a t i o n  w i t h  
a l t i t u d e  i n  t h e  t r o p o s p h e r e  and t h e  s t r a t o s p h e r e  r e g i o n s .  For 
t h e  t r o p o s p h e r e ,  t h e  d e n s i t y  i s  given by 

where 

For t h e  s t r a t o s p h e r e ,  t h e  d e n s i t y  i s  g i v e n  by 

-Z/H 
P = Pref e Pstrat  

where 
1 


and - RTstrat  

V a l u e s  of t h e  p a r a m e t e r s  i n  t h e  above e x p r e s s i o n s  chosen  
to r e p r e s e n t  t h e  e n g i n e e r i n g  models  are as follows: 



--- 

--- 

APPENDIX C (Continue'd) 

Parameter U n i t s  

Molecular w t . ,  m 

Acceleration of 

gravi ty ,  63 

Troposphere (Value 0 


surf  ace) cm/se2 

Stratosphere (Value 63 


z=75 km) 

Universal gas con­
s t a n t ,  R m2/sec2 OK 

Ratio of spec i f i c
heats ,  y 

Troposphere lapse 
r a t e ,  l? OK/km3 

Surface densi ty ,  po m/cm 

Reference densi ty ,  pref gm/cm3 

Surf ace temperature, To 0K 

Stratosphere 
temperature, Tstjrat OK 

Density sca le  
height,  H km 

' s t r a t  

16 


Model 1 Model 2 


28.8 29.7 


375 375. 


359 359 


8315 8315 


1.4 1.4 

-3 64 -3.89 
4 . 6 2 ~ 1 0 ' ~3 5 7 ~ 1 0 ' ~  

5.28~10-5 5 6 9 ~ 1 0 ' ~  


300 250 


260 180 


20.9 14.00 

Model 3 


35.8 


375 


359 


8315 


1.4 


-4.55 

2.15x10-5 


1.09x10-4 


200 


100 


6.5 


1 




APPENDIX D 


AN ATMOSPHERE MODEL FOR TERMINAL DESCENT CALCULATIONS 

An a l t e rna te  model a tmosphere  f o r  use  i n  t h e  d e s i g n  of a 
r e t a r d a t i o n  sys t em f o r  t e r m i n a l  d e s c e n t  may a lso be p o s t u l a t e d .
T h i s  model is  generated by s u b s t i t u t i n g  a s u r f a c e  t e m p e r a t u r e  o f  
3 0 0 ° K  i n  place of t h e  200% sur face  temperature i n  model 3 and 
k e e p i n g  t h e  s a m e  s u r f a c e  p r e s s u r e  and t h e  same compos i t ion .  The 
r e s u l t  is  a model t h a t  h a s  a h i g h e r  a tmosphere  d e n s i t y  a t  
a l t i t u d e s  above 15 km, b u t  a t  a l t i t u d e s  below 15 km t h e  atmos­
p h e r e  d e n s i t y  is  lower t h a n  t h a t  of  model 3 (see F i g u r e  4 ) .
E q u a t i o n s  are g i v e n  below for  t h e  d e n s i t y  i n  t h e  t r o p o s p h e r e  and 
s t r a t o s p h e r e  regions i n  b o t h  m e t r i c  and e n g l i s h  u n i t s .  These 
w e r e  o b t a i n e d  by s u b s t i t u t i n g  t h e  a p p r o p r i a t e  v a l u e s  i n  t h e  
e q u a t i o n s  of Appendix C. 

Metric U n i t s-
Troposphe re  r e g i o n  (below 4 6  km) 

3 
p = 1.44 x (1 - 0.0145 z) 2*50 gm/cm 

S t r a t o s p h e r e  r e g i o n  (above 4 6  km) -e5 
p = 8.64 x e gm/cm3 

( n o t e  z is i n  km) 

E n g l i s h  U n i t s  

T roposphe re  r e g i o n  (below 150,900 ft) 
2.50 

p = 2.79 x lom5 (1 - 4 .41  x Z) s l u g s / f  t 3  

S t r a t o s p h e r e  r e g i o n  (above 150 ,900  f t )  

p = 2 . 0  x 10-3 .*-z 
s l u g s / f t 3  

( N o t e  Z i s  i n  f t )  



TABLE OF ATMOSPHERES FOR FIGURE 1 

1. Rand Report, Rm-2782-JPL (June 1961) PO = 132.6 mb 
Model 	A t m .  I (Max)
(convective equil . ib.  throughout atm.) 

2. Manned Spacecraf t  Center Model I1 9/25/63 po = 132.6 mb 

3. 	 Rand Report, Rm-2782-JPL (June 1961 po = 132.6 mb 
Model A t m .  I1 (Max)
(convective e q u i l i b .  t o  tropopause + 
conductive e q u i l i b .  above) 

4.. Rand Report ,  Rm-2782-JPL (June 1961) PO = 85.125 mb 
Model 	A t m .  I11 
(con jec tu ra l  atm.) 
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7. 	 Douglas Report, Sm-44552 (August 1963) po = 85 mb 
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8. Rand Report, Rm-2782-JPL (June 1961) PO = 41.04 mb 
Model 	A t m .  I1 (Min)
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conductive e q u i l i b .  above) 
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10. 	 A Note on the  Upper Atmos. of Mars . po = 132.6 m 5  
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Research (G. F. S c h i l l i n g )  Vol. 68, No. 16 
Extension of Model I1 Atmos. (Max) 

11. 	 A Note on the  Upper Atmos. of Mars PO = 41.04 mb 
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FIGURE 3 COMPARISON OF NASA ENGINEERING MODELS OF THE MARS ATMOSPHERE WITH 
OTHER MODELS ( ALTITUDE Vs. DENSITY) 
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TABLE I - SUMMARY OF STANDARD MODEL ATMOSPHERE PARAMETERS FOR MARS 


Parameter 

Surf ace 
Pressure 

Composition 

Molecular 
Weight 

Acce l e  r a t  ion 
of gravi ty  
a t  surface 

Surface Temp. 

Troposphere
lapse r a t e  

Tropopause
a l t i t u d e  

Stratosphere 
temp . 

Top of 
s t ra tosphere 

Thermosphere
lapse r a t e  

Surf ace 
density 

Maximum 
U n i t s  L. (Model 1)I __ ­

mb 4 0  

lbs/sq. i n  . 0.58 


COz% by Mass 7.5 
N2% by Mass 92.5 

C02% by Volume 4.9 
N2% by Volume 95.1 

- 28.8 

cm/sec 2 375 

ft/sec2 3.2.3 


OK 300 

OR 540 


O K / h  -3 -636 

O~/103f t  -1.995 


k m  11 

f t  36,100 


OK 260 

OR 468 


km 150 

f t  492,100 


OK/km 2 

OR/103f t 1.097 


gm/cm3 4.. 62x1W5 
slugs/f t3 8 . 9 7 ~ 1 0 ' ~  

.Mean Minimum 
- _(Model 2) ,@ode1 3)


25 10 

0.363 0.145 


3.6 60 

84 40 

10.8 48.8 

89.2 51.2 

29.7 35 .85 


375 375 

12.3 12.3 


250 200 

450 360 


-3.89 -4 .55 

-2 .134 -2.496 


18 22 

59,100 72,200 


180 100 

324 180 


150 150 

492,100 492,100 


2 1 


1.097 ­

3.5 7 ~ 1 0 ' ~  2.16~10'~ 
6 . 9 4 ~ 1 0 ' ~  4 .19x10-5 
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TABLE I1 

NASA MARS ATMOSPHERF: 
MODEL 1 

(-")
Engliah Unite 

[c

4 
Aw +,

*A 
0 m 

d Q) 8m m'4 PI +r $ $  
x a, 

Q cu 3% .$ < 
-a k

3='e k+, Gd P@E <-I a 
v)

25 - 	
P 

8 "  3.rl 

0.0000 F. LE-01. 3 . 9 8  4 . q E - 0 3  
o . u o 3 3  5.dE-36 3.93 4.5E-03 
0. :J36 6 6.0C-00 3 - 8 7  4.6E-03 
0.00Y? 6.2F-06 3 - 9 2  4.7E-03 
0.0131 6.4F-Ob 3.76 4.8E-03 
0.0164 6. f,E- 0 6  3.71 4.7E-03 
0.9197 6.nL-Ob 3.65 4.7E-03 
0.0230 7 .j) r-0 0 3.61) 5.OE-03 
O . O Z h 2  7.3F-06 3.55 5 .  LE-03 
0.0295 7 . 2 E - O h  3.49 5.2E-03 
0.0328 7.dL-06 3.44 5.3E-03 
0.0361 t3.1:-0b 3.33 5.5E-03 
0 .U 3 9  4 !j. ', F- 0 6  3.39 5.7E-03 
0.0427 11. 1C-06 3 - 39 6.0�-03 
0.U451 9.4L-06 3.39 6.3E-03 
0.3492 9.9:-Ob 3.39 6.7E-03 
3.3525 1. J k - 0 5  3.37 7.OE-03 
O.i)5Sd 1. LE-0s 3.37 7.4E-03 
0.0591 1. 11.-05 3.39 7.7E-03 
0 . ~ 4 2 3  I .  ? I . - 0 5 3.3') a. ~ ~ - 0 3  
0 . 3 6 5 6  I .  3 F - 0 5  3.39 H.5E-03 
0 - 3 h d )  1 . 1 k - o s 1  3.39 9.OE-03 
0.tJ722 1 . 4 t - 0 5  3.39 9.4 F -0 3 
9.9755 1. b r - 0 5  3.39 Y.9E-03 
0 . 2 7 d l  1 .z - 0 5 3 . 3 ' 9  I .OE-02 
0 .7620  l - < , t -U5  3.3Y 1.1E-02 
0.0;133 1. 7 1  - 0 5  3.39 I .  I E - 0 2  
O . ' ) . J S h  1 .  jr-o!J 3.3') 1.2E-02 
0 .. J ' j  1 > I .  1 c - 0 5  3.33 1.3E-02 
0 .  0'9 5 1 ?. ')t - 0 >  3 . 3 9  1.3E-02 
0 .I,'f d '. 7.1;-05 3.39 I -4E-02  
U - l ' j l l  7. ,J r -0'1 j .  39 I .  SE-02 
3 .  1';5 I z. {C-O:, 3 . 3 4  1 -5C-02 
ci.1353 2. ,l'-01J 5 . 3 . f  1.6t -02 
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d 0 A 
9) 0

9 m 03 n( 
cn 

PI +r *$ 0 

(3 
x a, a, 

a al .r(3) 2< 
3' e  *e cod P+.,

P h8 "  a5
Lo r: 

.q .rl3 ri 

s 
E- G! 

0.1115 2. r>1. -0 5 J.3Y 1 .7E-02  

0 . 1 1 4 d  7 . 6 )  - 0 >  3 - 3 9  , 1 .BE-02 

0.llel 7 .  >E-05  3.3Y 1.9E-02 

0 . 1 2 1 4  2. 9 t - 0 5  3.39 2.OE-02 

0 . 1 2 4 1  3 .  IC-05 3.39 2 . l E - 0 2  
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0 . 1 3 1 2  3.4 F -0 5 5.39 2.3E-02 

S.1345 3 . 5 L - o s  3.37 2 - 4 E - 0 2  

0.131d 3 .  IC-05 3.39 2.5E-02 

0.1411 3 '11:- 05 3.39 2.6E- 0 2  

0 . 1 4 4 4  4 .  I F - O S  3.39 2.OE-02 

0 . 1 4 7 h  4 . 5 L - 0 5  3 .39  2 .Y E  -0 2  

0 .  150'4 4.',C-05 3 .  39 3.OE-02 

0 .1542  4 .  I L - 0 3  3.39 3.2E-02 

O . I > l Y  5 .  I ) C - U 5 3 .  3'9 3.4E-02 
0.1608 5.7 b. -05 3 . 3 Y  3.5E-02 

0.164U 5 .  ',c - 0> 3 . 3 , ~  3.7E-02 
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0 . 2 5 2 6  
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3.3Y 
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3 i 7 f 3 .  1 .616  2 . 2 ;  0 4  
4:j,,:1. I .h 1'1 2.4' 0 ' 1  

'+'I 3 3 . 1.752 2.76 04 
4 I '5 1, . L . . i Z 2  2 .  i c  0 4  
41 3 / 3 .  1 . 5 l I i J  3 . 1 =  0 4  
4 1 3 ( , .  2 f 5 7 'I 3 .  3 1  0 4  
4 I 3 5 . I .f ,  I f ,  3:jL 0 4  



TABLE I1 


NASA MaRS ATMOSPHEBE 
MODEL 1 

, 

Metric U n i t 8  

$I .r i  
a,
C 


0 3 1 .  0 
1 3 1 .  7 
2 3 1 . 3  
3 31.1, 
4 311. h 
5 30.2 
6 21.9 
7 2'3.S 
8 7'3. I 
'? 28.0 

10 2 8 . 4  
11 7H.O 
12  20.1 
1 3  2Q.7 
1 4  2 0 . )  
1 5  2 0 . 2  
16 20 .1  
1 1  2 0 . 1  
i n  2Q.7 
1 4  70 .?  
2 3 20.) 
2 1  2 0 .  3 
2 2  70.3 
2 3  7 0 .  3 
2 4  2 ' ) .  3 
2 5  2 0 .  $ 

2 b  7tJ. 1 
77  79.3 
Z d  7'1. ; 
7 3  7'1.3 
5LJ 7'1.4 
3 1  7 I.', 
32 7 -1 ./, 

3 5  2 o . i  

a

4 
x

5
cd 
a 


I .  	-I�0 4  I .  9 0  
l .UE-04 1.08 
1 . 8 � - 0 4  1.85 
1 . ' IC-04 1 - 8 3  
1 . JF -04  1.h0 
2.OE-04 1 - 1 7  
7.1E-04 1 .75  
2 .  LE-34 1.72 
2.2C-04 1.70 
7 .  	I � - 0 4  1 .67  
2.42--04 1 .65 .  
2 . 5 e - 0 4  1.62 
E .  hE -04  1.62 
2 .  I E - 0 4  1 .62  
7 .  Y E - O't 1.62 
3.UF-04 1.62 
3.2 E-! )4  1 .h2 
I .  >E-04  1.62 
3 . 5 t - 0 4  1.62 
3 . 7 c - 0 4  1.h2 
3.UC-04 1.h2 
4.tJ)c-04 1.62 
4 .2E-04  1.62 
/+. C,F-O'+ 1.62 
1,. IC-os 1.h2  
4 .  	I L - 3 4  1 .h2 
5 . l f - 0 4  1 - 6 7  
5.'tF-!)'l 1.62 
5 .  It--O't 1 . 6 2  
6 .  LJE- 0 4  1.62 
h .  	3 L - 0 4  1.62 
f,.LC-(J4 l . h ?  
f r .  I i - -O ' ,  1 .h/ 
7 .  Jr.-o'+ 1.h7 
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34 2hO.O 
35  26ll.U 
3b 2bU.'J 
5 7  2 6 0 0 
38 261J.,) 
3 9  260.d 
4 0  26.1.J 
4 1  2 6 0 - C) 
42  260.:) 
4 3  260.J 
4 4  2 (> 11 * 0 
45 7hO.u 
4 6  2 6 0  .'I 
47 260.0 
48 Z h O .  ) 

4 9  ZhO.U 
5u  26O.d 
5 1  760.9 
52 Zhc).\) 
53 2hU.IJ 
54 Zh3.U 
55 7 6 0 .I) 
56 ZhO.0 
5 1  260.13 
50 260.O 
5 9  2 6 I).4.1 
60 260.1) 
6 1  360.1) 
6 2  26U.d 
6 3  260.0 
64 260.U 
65 260.u 
66 260.0 
6 7  2hS.L 
hR 2 6 0 . 0  
6 9  260.U 
70 Z G O . . :  
7 1  260. J 
72 2h0.J 
7 3  2hC.c) 
74 760.3 
75 260. J 
7 b  260.3 
77 76O.J  
7 5  260.0 
7'.) 260.U 
80  760.U 
8 1  260.0 
a2 ?b(J.,J 
8 3  210.3 
8 4  2 h 0 .3 
85  260.~1 
n f> 2 6 (1 .0 
8 7  2 t ) O . U  
a 8  2 6 CJ .0 
t l l  2 6 L) ...J 
9 0  L 6 S . J  
Y l  2f,O. , I  
9 2  2 6 0 .  
9 3  7 5 J ., I  

1. ')3E -U5 
9 .  i10.'-06 
9. 3 4 = - L l f ,  
0.4'l)C-O6 
SJ .It 7C- ii6 
~1.06:-06 
7.68;-06 
7.31F-Ub 
G .'36t - 0 6  
6.63:-36 
6.32E-Oh 
6.02E-tib 
5. r 3 ~ - 0 6  
> . 4  6 i  -0 6  
5.7OC-06 
4 .  >5'I-06 
4 .  	I Z L - U G  
4 . 5 O C - 0 6  
4.2 8: -0 6  
4 .  U B E - 0 6  
3.391-06 
3 .  TOr-06 
3.5 3 C  -0 6  
5 .  36E-06 
3.2OL-Ob 
3.O5C-Oh 
2.91C-06 
2.  	1 7 t - 0 6  
2.64E-06 
2 - 5  2F -0 6 
2.40F-06 
2 .29�-06  
2. L M i I - O h  
2.085-06 
1.98r-05 
1.:1VE-O6 
I .  40L - 0 6  
1.7li-0b 
I .h3C-Uh 
1.56F-lJ6 
1.48- -0 6 
1.42--36 
I .  	3 5 C - 0 ( ,  
1.23t-0h 
1.7 3:-Uh 
l . l7t:- l)b 
I. LIE-01 
1.36i-116 
I .  U 1,; - 0 6  
7.66: -07 
'4.7 1C -0 7 
8. IRL-UT 
E . 3 K - 0 1  
I .  J 9 F - J f  
7.42E - : I  7 
1.76L-111 
(>.)3'.-J7 
c r  . I ,  1'- U 7 
,,.> b : - ? r  
6. J l t - J f  

x 

323. 2 0 ..It 7. lE-04 1.62 

-utt 1.62 
323. 20.4 9.7E-04 1.h2 
5?3. 20.5 9 .  j t - 0 4  1.62 
323. 20.5 '3 .  HE-04 1.62 
3 2 3 .  70.5 l.0E-03 1.62 
321. 20.5 l.lE-03 1.62 
3 2 3 .  2 0 . 5  1. IC -03  1.62 
323.  20.5 1 . 2 E - 0  5 1.67 
323. 70.5 1.2c-03 1 - 6 2  
323. 20.5 1.3E-03 1.62 
323. 20. G 1.4 i -03 1.62 
3 % 3 .  20.h 1.4E-03 1.62 
373. 20.6 1.5E-0 3 1.62 
323. 2 0 . h  1.6E-03 1.62 
523. 7ll.h 1.7E-03 1.62 
325. 20.6 1.aE-0 5 1.h2 
3 2 3 .  / O - 5  L.8E-03 1.62 
323. 20.6 1 .')E-03 1.62 
32j. 23.6 2.0E-03 1.62 
323. 23 .1  2.1 F - 0 3  1.62 
325. 20.7 2.LE-03 1.62 
323. 2q. 7 2. jE -03  1.62 
3 7 3 .  20.7 7. b F - 0 3  1.62 
323. 20.7 2.oE-03 1.62 
323. 20. I 2.7E-03 1.62 
323. 20.7 2.8E-03 1.62 
323. 20. I 3.0E-03 1.62 
323. 70.b 3.1C-03 1.62 
3 7 3 .  70.9 3 . 3 E - 0 3  1.62 
323. 70.11 3.4E-03 1 - 6 2  
3 2  3.  20.n 3.6E-05 1.62 
323. 20.8 3.OF-03 1.62 
323. 20.a 4.uE-05 1.67 
3 7 3 .  70. L? 4.2E-03 1 - 6 2  
323. 2u.n 4 .4c -0  3 1.62 
32 3 .  7 0 . )  4 .6E-03 1.62 
3 7  5 .  20.7 4. B E - 0 3  1.67 
323. 20.') 5. I E - 0  3 1.h2 
323. 20.7 5.3F-03 1.62 
3 2  5 .  20. ' )  5 .  bF-0 3 1.62 
12 5 .  7 0 .  .I 5. U E - 0 3  1.62 
323. 2 '3 ..I 6 . l t - 0 3  1.62 
323. 7'3. J 6.4L-03 1.h2 
32 3 .  20.3 6.7E-03 1.62 
37 5 .  '21.9 7 . l k - 0 5  1 - 6 2  
.323. 71.0 7.4E-03 1.67 
3 2  3 .  71.0 7 . 8 c - 0 3  1.62 
323. 71.0 8.i'C-03 1.62 
323. 21 .0 Y.bE-03 1.62 
3 2 3 .  21.0 '4. UE -0  3 1.62 
5 7 3 .  21.0 9.4F-0 3 1.62 
3 2 3 .  71.0 7 .  J C - 0 . 3  1.h2 
323. 71.1 1 .UE-OL 1.h2 
3 7 3 .  / l . l  1. LE-02 1.62 
17 1. 71.1 1. I � - 0 7  1.62 
5,' 5 .  71.1 1. LE-02 1.62 
1 2 3 .  21.1 I .  3 c - 0 2  1.h2 
3 ?  5 .  71.1 1. j c - 0 2  1 - 6 7  

3 2 3 .  20.4 U . U E - 0 4  1 - 6 2  
3 7 3 .  70.h n . 4 ~  
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H m
E 

9 4  2 6 I).' J  S . 7 3 ; - ; 1  5 7 % .  21.1 
9 2  L t ,  3 .3 2 . 4  7 c- - IJ7 325. 7 1 . 1  
90 260 .3  5 . L  l C - J 7  323. 21.2 
9 7  2 6 0 . J  (+ .' I  7r - I) 7 3 2 3 .  21.2 
98 2 h J . u  4 .  14'-- 1) 7 323.  2 1 . 2  
9 9  ? 6 0 iJ  4.2 3c -07 3 2 3 .  21 .7  

I00 260 .3  4 .32E-07  3 2 3 .  21.2 
110 
1 2 0  

Zh9.L) 
26O.d 

7 .  IO'.-LJ7 
1 . 6 J :  - :J 1 

3 2 3 .  
323.  

2 1 . 1  
2 1 . 4  

I 3 0  Zh0.d 1.36 ' . -07 3 2 3 .  21 .5  
1 4 0  250 .0  6.09E -0b 323 .  7 1 . 7  
1 5 0  Z 6 O . O  4 . 2 3 c - 0 8  3 2 3 .  21.8 
160 280.? 7 .53 r -OR 3 3 2 .  20.2 
1 7 0  30o.u 1.57.Z-Od 3 4 7 .  21.8 
1a0 320 .0  1 . L l l c - O H  3 5 3 .  23.3 
190 3 4 0  .0 6.6 5 7  -i)Y 3 5 7 .  2 4 . 9  
2 0 0  36lJ.xJ 4 . 5  1 -09  33tJ. 76 .5  
2 1 0  3.50.3 3 .  1? ' -0Y  37'J. 28 .1  
2 2 0  430.U 2 . 2  1F -0') 4U1 .  23 .7  
2 3 0  t7U.U I .  53L-U.I 4 1 1 .  3 1 . 4  
2 4 0  441). 0 1 . 1 7 : - 0 7  4 2 0 .  33.0 
2 5 0  
26U 

4 6 0 . 0  
4 8 0 . 9  

M. 67)E- 10
',. 5 6 t - LO 

4 3 u .  
43 '3 .  

34 .7  
3 6 . 3  

2 7 0  5 0 U .  0 5.01i - IO 4 4 8 .  38 .0  
Z R O  520.c) 3 .  <,t3:- 10 4 5 7 .  3?.7 
2 9 0  5 4 0 . 0  3.03E-10 4 6 5 .  4 1 . 5  
300 5_60.0 2 .37E- IO  4 7 4 .  43 .2  
3 1 0  580.3 1 . Y l F - 1 0  4 9 2 .  4 4 . 3  
3 2 0  6 0 0 . J  1 . 5 3 : - I O  4 9 1 .  46 .7  
3 3 0  6 2 0 . 0  1 - 7 4 E - IC 4 Y i .  48 .5  
3 4 0  540.U 1.Olc-10 5 0 1 .  50 .3  
3 5 0  6 6 0 ~ 0  H . 3 4 E - 1 I 5 1 5 .  52.1 
3 6 0  
3 7 0  

600.J 
roo.0 

(1.91:- 1 1  
> . 7 6 C - I 1  

5 2 2 .  
530. 

5 3 . 1  
55.7 

3 8 0  I2 I l .O 4 . H 3 t - 1 1  5 3 , 1 .  57 .6  
3 9 u  7 4 0 . 0  4.0 7F - 1 1 ,545. 5'3.4 
4 0 0  7 6 0 .  ,J 3 . 4 5 F - 1 1  5 5 1 .  61 .3  
4 1 0  7HU.0 2 . 9 4 F - I  1 552. 63.7 
4 2 0  LLu0.0 7 . 5 1 t - 1 1  
4 3 0  320.0  ? -16 ' - - 1 1 
4 4 0  .340.(J 1 . 3 6 t - 1 1 
4 5 0  R6O.i :  1 . 6 7 C - 1 1  
4 6 0  d'JI). J 1.41E-1 I 
4 70  300. (1 1 .23 : - 1 1  
4 8 0  'I2 0.1.1 l . O d ~ - I l  
4 9 0  '94U.3J 9.4 7C- 12  
5 0 0  
5 IO 

')60.sJ 
' 180 .0  

c\. 3 6 t - 1 2  
7 .4  0 ;  - 1 2 

5 2 0  
5 3 0  

1000.3 
io 70 .  i I-

h. 5 1 : - I 2  
5C- I 2S .!> 

5 4 0  13 4 0 3 5.22F - I2 
5 SO l 'Jh O .'J 4 . b 7 c - 1 2  
560 1380- J 4 .  I Yl.- 1 Z 
5 70  
5HU 

l l o b .  J 
1 1 7 0 . ~ 1  

J.  r 7 ' - 1 2  
3 .  '+ Ot - 1 7 

5 9 0  1 1 4 (1 ..J 3 . 0  /'- 1 2  
60'J l 1 6 f i s 4 J  2 . 7 3 . . - 1 7  
6 1 0  1 1 b 1, .I 1 . 5  3 f  -12  
6 2 7  1?!;I:.;, 2 . 3 9 r . - I ?  
6 30 12?i i .S 2 .  i j Y  .- I 7 

5 5 7 .  6 5 . 1  
5 7 4 .  6 7 . 1  
5 8  I .  6 9 . 0  
SH7. 70 .3  
5 7 4  . 7 7 .7 
6 0 1 .  74.7 
f>O;J .  7 5 . 9  
6 1 4 .  7 8 . 9  
6 2 1 .  8fl..) 
5 2 7 .  8 3 . 0  
6 3 3 .  8 5 . 0  
6 4 3 .  87.1 
64 ' j .  8 9 . 1  
6 5 2 .  9 1 . 3  
9 >  I .  9 3 . 4  
? , O ' , .  '15.5 
5 7 0 .  9 1 . 1  
b I J ~ .  (911 .  !I 
( > S I / .  107.0 
5 d . l .  104.7 
h ' i ' ~ .  I05.'t 
7 [ l : J .  l U A . 6  

x 

.ti 

3 

1.4F-07 1.62 
1 -4E-07  1.h2 
I . 5 C - 0 2  1.62 
1 . 6 t - 0 %  1.62 
I .  7E-OZ 1 - 6 7  
1.7E-02 1 .62  
1.8E-02 1.62 
7 .  YC-02 1.62 
4 .7E-02  1 .62  
7.4E-02 1 .62  
1.2�-01 1.62 
1.Y C - 0 1 1.62 
3 .  LE-01 1.76 
5.OE-0 1 1.91 
7.HE-01 
1.2F 00 
1.7E 00 
Z . S E  0 0  
3 . 6 E  0 0  
4 . ' j F  00 
6.8E 00 
9.1E 00 
1.ZE 0 1  
1 . 6 E  01 
2.0E 01 
2.6E 01 
3.3� 01 
4.1E 01 
5.1C 0 1  
6 . 3 E  01 
7.ME 0 1  
Y.5F 0 1  
1 . l E  0 2  
1.4E 0 2  
1 .6 f  0 2  
1.9E 0 2  
2.3F 0 2  
2.7E 0 2  
3.1E 0 2  
3. IE 02 
4 . 2 t  0 2  
4.Yt  0 2  
5.6E 02  
6.4E 0 2  
7.3F 0 2  
e . 3 t  0 2  
9.4E 0 2  
1 . l E  0 3  
1.2E 0 3  
1 . 3 E  0 3  
1.5L 0 3  
1 . l E  0 3  
1 . Y F  03 
? . L E  0 3  
2.3F 0 3  
2.6E 0 3  
7.uc 0 3  
3.1E 03 
3 . 4 t  0 3  
3.UF 0 3  
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x 

I . . /  - l ' t  I C . " .  = , I < . '  
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TdBLE I11 


NASA MARS ATMOSPHERE 
MODEL 2 
CMe4 

Ebglieh Units 

A4n *A
31 

0 0 
& 0 0x m ro 

0 PI +r -2 0 
0 2 0  0 

0) 0,>
do 4-1 v1 a, .rl53 .: < 

A S  k 
v) Tu-PA O - 2  k 8  O d  E %.rl u) % h  5 v)9 om Q) 

& 

Q) .+ -rl 
a m n 

..A 
W 

P 5 

450. 0 1 3 E - O l  L . 9 4 E - 0 5  I 0 2 1  7. Y h - O b  3.19 4 .  b C - 0 3 
8: 8% 443.0 7:-4 4 C - 0 1  6 . 6 8 ~ - 0 5  1019. 7.7E-06 3.14 4.76-03 
0.0066 4 3 6 . 0  j . 25E-01  5.43t - 0 5  11111. H.UE-06 3.09 4.6E-03 

0.0098 42'3.5 3 . 0  8!k -0 1 6 .  LRE-05 1 0 0 3 .  8. > E - 0 6  3.04 4.9E-03 

0.0131 417.0 2 . V l L - 0 1  5. .> 3 L -a 5 j 9 5 .  8.7C-06 2.Y9 5 -06 -03  

0.0164 415.0 2.75k-01 5. I O � - 0 5  '987. '3.0 E-06 2 - 9 4  5.2E-03 

0.0197 40a.0 2 .5Y i -01  5 .47 i -05  978. 9.4 E- 06 2 . ~ 9  5.3E-03 

0.0230 401.0 2.4 4t-0 1 5 .24 t -05  '? 7ij . '3.61;-06 2.84 5.4E-03 

0.0262 394.0 2.306 -0 1 5 . 02c -05  Y6 l .  1.0E-os 2.7v 5.6E-03 

0.0295 337.0 2 . 1 6 i - 0 1  4 . a i ~ - o 5  953. 1. I E-05 2.74 5.7E-03 

0.0328 3H0.0  7.OjE-OI 4.6OE-05 9 4 4 .  1. I�-05 2.69 5.9E-03 

0.0361 
0.0394 

373.0 
346.0 

1.96t-01 
1.72E-01 

4 . 4 0 ~ - 0 5  
4.205-05 

335. 
Y z 6 . 1 ,,?!E-05 

1.2E-05 
2.64 
2.59 

6.OE-03 

6.2E- 0 3  


0.0427 359.u 1.6 7E-Ul 4.01E-05 913. 1.3F-05 2.55 6.4E-03 

0.045Y 352.0 1.56E-01 3 . t l L C - 0 5  ,409. 1 - 3 5 - 0 5  2.50 6.5E-03 

0.0492 345.0 l .4hE-01 3.64�-05 YOO. 1 -4E-05  2.45 6.7E-03 

0.0525 338.0 I .>bE-Ol 3.46:-05 U Y O .  1 .SE-05 2.40 7.OE-03 

0.0558 3 3 1 - 0  1.27F-C)l J .  295-05  d81. 1.hE-05 2.36 7.2E-03 

0.0591 324.0 1. ldE-C)l 3.13:-05 3 7 2 - 1.6t -05 2.31 7.4E-03 

0.0623 324.0 I .O')L-Ol 2.91:-os 372. 1 .tJc-o5 2.31 8.OE-03 

0.0656 3 L 4 . U  1.0zi-01 2.70F-05 4 1 2 .  1.7C-05 2.31 8.6E-03 

0.0689 374.3 '3.44L -02  2.51r-05 zt72. 2.OE-05 2.31 9.2E-03 

0.0722 324.0 U .77 t -02  7.33E-35 t ~ 7 2 .  2 . 7 t - 0 5  2.31 9.9E-03 

0.0755 324.0 Y - l S c - 0 2  2.17F-05 0 77. 2.4E-05 2.31 1.1E-02 

0.0787 324.0 7. 57E-02 7.0 1t -0 5 A 72. 2.6F-05 2.31 1.2E-02 

0.0820 374.0 7.04t -02 1.d7C-05 872. 2.7C-05 2.31 1.2E-02 

0.0853 
0.0386 
0.0919 

3 2 4 . 3  
374.0 
3 2 4 . 0  

L .54 i -02  
h .0 R t  -02 
5. h SC-02 

I .  7 4 t - 0 5  
1.b lC-05 
1.50;-05 

u72. 
e72. 
G77. 

3 .  0 t - 0 5  
3 . X - 0 5  
3.  'r C-05  

2.31 
2.31 
2.31 

1.3E-02 

1.4Ed02 

1-5E-02 


0.0951 324.0 5.25C -02 I . s y r - o s  ti77. 3. I E - 0 5  2.31 1 . E - 0 2  

0.0984 3 ? 4 . 0  4 . 4 a ~ - 0 2  1. j o t - 0 5  4 7:. 4 . J L - 0 5  2.31 1. B E - 0 2  

0.101 I 324.0 4.5 j ~ - 0 2  1.20t - '35  ~ 1 7 ) - 4 .  j C - 0 5  2.31 1.9E-02 

0.1050 324.0 4 .Z lC-02 I .  12;-05 672. 4 .  bF-05 2.31 2.1s-02 

0.1383 3 c 4 . 0  3.42L-02 1.04':-1>2 d73. 4. .)E -(J S 2.31 2.2E-02 




* 
a
5 5N 0 

K 4 
';z a 0  

CJ43 la h? k UJ 

3.t: &? v) 

464 ">a t - i4 3 m  Q,

8 *rl3 t3 E es 24 b 

0 . 1 1 1 6  324 .0  3 .  h'i -0 2  3 .  hli? - 3(> d 7 7 .  J.(14', 5 .  5C-05 2.31 2.4E-02 

0 . 1 1 4 8  32'+.0 1 . 3 ' 3 L - 0 2  i -0OC -0 6 0 7 2 .  ' l . l l 4 >  5 .  I F - 0 5  2.31 2.6E-02 

O.llHI 3 ? i + . 2  5 . 1 5 i - 0 2  .is3 6 t - 0 6  d72. j . 0 4 5  (1.16-05 2 .31  2.8E-02 

0 . 1 2 1 4  314 .J  2. J3L-U2  7.7dC-05 li I ? .  0.045 h.t,E-05 2.31 3.OE-02 

0 . 1 2 4 7  324 .0  1 .  7 L f - 0 2  I .  2 3 - -06 6 1 7 .  0.04'J 7 .  LE-05 2.31 3.2 E-02 

0.1280 32't.O 7.531.-02 f,. 72E - 0 6  " 7 7 .  0 .045 7.6E-05 2.31 3.4E-02 

0 . 1 3 1 2  324.U 2 .35L-02  6 . 3  S t -Oh 3 7 ? .  0 .045  41.2F-05 2 . 3 1  3.7E-02 

0 . 1 3 4 5  3 2 4 . 9  2 .  L'JL-02 5.dlL-Uh 8 7 2 .  6 . 0 4 5  8.dC-O> 2.31 4.OE-02 

0.137M 324.1) ?.1)3.<-02 5 . 4 1 - 0 6  6 7 2 .  0 . 0 4 5  9 .>F-05  2 . 3 1  4.3E-02 

0 . 1 4 1 1  3 7 4 . 0  1 . t lYE-02 5.03F-06 d 7 7 .  ! l .U45 1.IJE-04 2 . 3 1  4.6E-02 

0 . 1 4 4 4  3 2 4 . 0  1 . 7 6 t - 0 2  4 .h 7 t  -06 6 7 2 .  0 .045  1.1t -04 2 . 3 1  5 .O t -02  

0 . 1 4 7 6  3 2 4 . 0  1 . 6 4 ~ - 0 2  4 .35C-Oh 4 7 2 .  0 . (J45 1 . 2 F - 0 4  2.31  5 .3E-02  

0.150Y 324 .0  1 . 5 2 ; - 0 2  4 . 0 4 :  - 3 h  d 7 7 .  ( ! - a 4 5  1.3C-04 2 - 3 1  5 .7E-02  

0 . 1 5 4 2  3 2 4 . 3  I . 4 2 ; - 0 2  3.76C-Ob i 72 .  ( j . 045  1 . 4 t - 0 4  2 .31  6 .2L -02  

0 . 1 5 7 5  3 2 4 . u  1 .  37L-02  3 .  S O L - O b  3 7 2 .  O. ' ) ' rS  1.SC-04 2 .31  6 - 6 E - 0 2  

O.lh08 324 .0  I - 2 7 L - 0 2  3.25:  - 0 6  d 72. ( : . ' I45 1 .Gr -04  2 . 3 1  7.1E-02 

0 . 1 6 4 0  324.0 I .  1 4 ; - 0 2  3 . 0  3.- - 0 6 6 7 2 .  U.O'+Z 1. I F - 0 4  2 . 3 1  1.7E-02 

0 . 1 6 7 3  324.u 1.06L-07 2 .  ,J 2:  -Oh 2 7 2 .  U s 0 4 5  1 .4E-04  2 - 3 1  H.2E-02 

0 . 1 7 0 6  3 7 4 . 0  9 . d b t - 0  3 2 .62C-06  d 7 2 .  !J - 0 4  5 2.lJ6 -04 2 . 3 1  h.8E-02 

0.173Y 3 / 4 . 0  9 . 1 7 t - 0 3  Z . 4 4 L - 0 h  t l 72 .  'J.d4'> 2 . l C - 0 4  2 . 3 1  7.5E-02 

Q,1 I 7 2  3 2 4 . 0  c . 5 3 i - 0 3  2 .27C-Oh d 7 2 .  0 .U45  2 .3E-04  2 . 3 1  1 . O E - 0 1  

0. I d 0 5  324.0 7 .  ) 4 t - 0  3 2 . 1 1 C - 0 6  d 77. 0 .046 2 . 4 F - 0 4  2 .31  1.lE-01 

0 . 1 8 3 7  3 2 c . o  1 .31 ) t -03  1 .1)bt-i)b 8 7 2 .  0 . 0 4 6  2 .6C-04  2.31 1.2E-01 

0 . 1 8 7 0  324 .0  6.9 7 L- 0 3  l.M3~-06 8 7 2 .  u . i )4b  2 .ec -04  2.31  1.3E-01 

0 . 1 7 0 3  324 .0  5 .4OL-03  1 . 7 0 E - 0 6  8 7 2 .  0 . 0 4 h  3.UE-04 2 .31  1.4E-01 

0 . 1 9 3 6  374.0 5 .  Y5E-03  1 . 5 8 t - 0 6  b 7 2 .  0 .04! ,  3 . 2 t - 0 4  2.31  1.5E-01 

O.lL)69 3 2 4 .  d 5 . 5 4 t - 0 3  1 . 4 7 t - 0 6  3 7 2 .  0 . 0 4 4  3 . 5 k - 0 4  2 . 3 1  1.6E-01 

0 . 2 0 0 1  324 .0  5 . 1 6 t - 0 3  1 . 3 7 L - 3 6  d72. U.04h 3 .dF-04  2 . 3 1  1.7E-01 

0 . 2 0 3 4  324 .0  4.YC;E-03 1 .78E-06  d 7 2 .  0 - 0 4 6  4.0E-04 2 .31  1 . 8 E - 0 1  

0 . 2 0 6 7  3 2 4 . 0  't . 47E-0  3 1. I V t - 0 6  .172. { I - 0 4 6  4 .  35 -04  2 .31  2.OE-01 

0 .2  I O 0  7 7 4 . 0  C .  1 6 t - 0 3  I .  l ? E - O h  d 7 2 .  0 .U4h  '1.  I t - 0 4  2 . 3 1  2 .1E-0  

0 . 2 1 3 3  3 2 4 . 0  3.9 I t - 0 3  1.03C-Ob 5 1 2 .  0 - 0 4 6  5 .uE-04  2.31 2 .3E-0  

O . ? l b 5  324.0 3 .  h o t - 0 3  '3.27E-07 u 7 i .  u .045  5 . 4 F - 0 4  7.31  2.4E-0 

0.21YM ) l c - 0 7  6 7 2 .  LJ.04h 5. t :E-04 2 - 3 1  2.6E-0 
0 . 2 2 3 1  3 2 4 . 0  3 . 1 2 t - 0 3  'I. 351: - J 7 8 7 7 .  U-1146 6 .2C-04  2.31 2.AE-0 

0 .2264  324 .u  2 .  . ) I C - 0 3  7 .  121.-07 1172. 0 . 9 4 6  6 .  I F - 0 4  2.31  3.OE-0 

0 .2297  324 .0  7 . 7 1 ~ - 0 3  7 . 1 9 F - 0 7  0 7 7 .  U .046  7 . L F - 0 4  2 .31  3.2E-0 

0 . 2 3 3 0  3 2 4 . 0  7 . 5 2 t  - 0  3 5 . 0 Y L - 0  7 3 7 2 .  0 - 0 4 h  7 . 7 t - 0 4  2 .31  3.5E-0 

0.2 3 6.2 324 .0  2 .  35.:-03 6,. 2 3: - '!l7 d 7 2 .  6 . 0 4 5  8 .2E-04  2.31 3.7E-0 

0 .23>5  324.5 2 .  I M i - 0  3 5 .%3oi-d 7 d 12. ~9.0'tO 8. i c - 0 4  2.31 4.GE-0 

0.242.3 324 .0  7 . 0 3 ; - 0 3  5 .4OF-07  a 7 2 .  0 .04  5 7 .5  E - 0 4  2 . 3 1  4 .3E-01  

0 . 2 4 6 1  324 .0  l . d 9 ~ - 0 3  5 .  i J 3 E  -0  7 1 7 2 .  0 .04 ' )  1 . U t - 0 3  2 . 3 1  4.  hE-0 1 

0 . 2 4 3 4  324 .0  1 . 7 h L - 0 3  4.6VF - 0  7 n 7 7 .  LJ.Il4h l.lC-03 2 . 3 1  4.YE-01 

0 . 2 5 2 6  324.0 I . 6 4 L - 0 3  4 . 3 b F - 0 7  d 7 2 .  0 . 0 4 6  1.7F-03 2.31 5 . 3 E - 0 1  

0.2 529 324 .0  1 - 5  31- -0 3 /+ .ObC-UI  cJ 7 2 .  U.04h 1 .3F-03  2.31 5.7E-01 

0 . 2 5 3 2  374.0 l . ' t 2 t - 0 3  3 . 7 9 t - 5 7  ,172. 0 . 0 4 6  1 . 4 L - 0 3  2.31 6.1E-01 

0 . 2 6 2 5  324.0 1.33, -03 3.5 3: -0 7 d 7 2 .  !1.046 1 . 5 F - 0 3  2.31 6. hE-01 

0 . 2 6 5 8  374 .0  1 . 2 4 ; - 0 3  3 .25 : -0  1 d 72. 0 .1)4h 1 .6F-03 2 . 3 1  7 . l E - 0 1  

0.2690 3 2 4 . 0  I .  1 5 s - 0 3  3 .  'J6L -0 7 4 1 2 .  : j . O 4 ' 3  I .  / E - 0 3  2.31 7.6E-01 

0 . 2 7 2 3  3 2 4 . a  1 .  ) 7 t - c ) 3  2 .  , I ~ L - OI d 7 2 .  0 . 3 4 6  1 . d t ' - 0 3  2.31 H.1E-01 

0 . 2 7 5 6  3 ~ 4 . 0  '3  . '91. -0 4  .? . 6 5 r  - 0  7 6 7 2 .  11.04h I . . l E - 0 3  1 . 3 1  8 .7E-01  


3 2 4 . 0  3 .  35C-03 <!. 


0 
0 . 2 8 7 2  
0 . 2 9 5 4  

374.0 
324 .0  

,!.5 7 E  -04 
.I .I I H  C -1J4 

2.3OE-37. 
7.15E - 0 7  

d 7 2 .  
3 7 2 .  

2 .31 
2.31 

1.OE 
1.1E 

00 

00 


O . L ' J 8 1  
0 . 2 1 2 0  

314 .0  
324 .0  

7.52, : -04 
7 .  'I1 --04 

7 . ' ) 0 ; - 0 7  
1 .IJh L  - J 7 

0 7 7 .  
I1 72 - 2 . 3 1  

2.31 
1.2E 
1.2E 

00 
00 


0 . 2 9 5 3  3 2 4 . 0  3 . 5  3 = - 0 4  I .  1 4 L - 0 7  . I  7 7 .  2 . 3 1  1.3E 00 

O.2Yab  3 7 4 . 0  1,. J 7 t - : ) 4  1 . 6 2 L - 3 7  ,177. 2 . 3 1  1.4E 00 


- 2 7 8 7  324.0 ).)OF-04  2.4 7 ' - '3 7 7 7 7 .  11.04h 7 .1F-03  2 . 3 1  9 .4E-01  

0 . 3 0 1 9  3 7 4 . 0  .5 .I> I .. - rJ4 1 . 5 1 '  - 0 7  1 7 7 .  2 . 3 1  1.5E 00 

0.3 '351 324 .  ) -3.2 )=- ' I4 1 .4[Jr -c>I  .; i i .  2 - 3 1  1 . 6 F  00 
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\o

5 

K


0 4J a Ed

23c k:a
a 
I3 

0 . 3 0 5 4  324.8J 
0 . 3 1 1 7  314.0  
0 . 3 l i l )  3 2 4 . 0  
0 . 3 1 ~ 3 3  3."+.0 
0 .321s  >?4.\1 
0 . 3 2 4 8  3 1 4 . J  
0 . 3 2 8 1  324 .J  
0 .  560Y 324.0 
0 .3957  3 2 4 . 3  
0 . 4 2 6 5  3 2 4 . 3  
0 .4593  3 2 4 . d  
0 . 4 7 2 1  J24. l )  
0 . 5 2 5 0  3 l>(1 .I1 
0 . 5 5 7 8  3 1h.a 
0.5'906 45.7.2 
0 . 5 7 3 4  4 h d . l )  
0 . 6 5 6 2  5.14.3 
0.6ri ' lU 54'1.0 
0 . / 2 1 8  5 1 b . L )  
0 .7546  b12.3 
0 . 7 3 7 4  6 4 1 . 3  
0.d202 6 I! 4 .3 
0 . d 5 3 l  723 .0  
0 . 8 8 5 9  7 i f , . 0  
0.'1187 7 1 2 . 0  
0 . 9 5 1 5  h 1 4 . 0  
0 .9843  ah(+. c, 
1 . 0 1 7 1  o u n .  o 
1.U4YV Y 3 h . O  
1 .0827  9 7 2 . 0  
1.1155 1008  .U 
1 .14d3  1 0 4 4 . 0  
1.11112 10fJU.O 
1 .2140  1 1  1 1 , .  0 
1 .2468  1 1 5 2 . 3  
1.27'36 11.13 .0  
1 . 3 1 2 4  1 2 2 4 . 0  
1 .3452  1 7 h I J  .J 
1 . 3 7 4 3  12  1 6 . , )  
1.41011 13:?.0 
1 .4436  I 3 6 d .1: 

1.4 7 6 4  14tJ't. 3 
1.50'33 1 4 4  1.d 
1 . 5 4 2 1  1 4 7 6 . 0  
1 .5747  1 5 i ? . : J  
1 . 6 3 7 7  15,tp.a 
1 . b405  1 5 3 4 . 0  
1 . 0 7 3 3  162 (1 .0 
1 . 7 0 6 1  165h.O 
1 . 7 3 8 3  I f .  17.v 
1 . 1 7 1 7  1 I 2  :: .;J 
1 . n045  17:,4.5 
1 .d374  1 Y  15.0 
I .  	d 7 0 1  1 4  $1,.3 
1.9039 1 4 I ? .  -1 
1 .935d 1 ' > , , a {  .' J  

1.13686 1 'J4 4 .  !I 
2 . 0 2 1 4  1' 1  .: '1 .' I  
2 . 0 3 4 2  
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pc
4 

A 

H 4
* 

0 
0, 5 
ID

6d 
PI +r 3 *> Q) 

0) $3 .:eA 2  $ P4
E c r%-! Y 8. 0s 5  VI c

.rlB .!Y
i. t- 4 

I .  5lL-3 1  3 .  )t-03 2 .31  1.8E uo 
1 . 2 2 ' - ) 7  '+ ./ C  - 0  3 2 .31  1 . Y E  00 
1 . 1 4  - 0 1  4 .  L, L - n 3 2 .31  2.OE 00 
i .uhr - (I T 4 .  4F-03  2 . 3 1  Z.2E 00 
> . . ) d = - J t i  j . ) k - o j  2.31 2.3E 00  
> . 1 1 ~- i J &  5 .  c>c-0 > 2 .31  2.5E 0 0  
8.5J!--'28 6 .  ,JC- 0 3  2 . 3 1  2.7E 00 
4 .  ?6C -0 8 I . 1 E - 0 2  2 .31  5.4E 00  
I . l 2 ~ - O f l  	 ?.'+E-01 2.31 1 . l E  0 1  
I .06C-09 4. i lC-02 7 . 3 1  2.2E 01 
5 .  3 G L - 0 , 3  '3. h t- 0 2  2.31 4.3E 0 1  

1.17i-11'9 
t - 4 6 ~ - 1 0  

't .(JE- U 1 
8. t J F - 0 1 

2.55 
2 . 8 0  

2.OE 
4 . 3 c  

02 
0 2  

3 . 5 5 ' - 1 3  1.ii 0 0  3.06 8.8E 0 2  
1.971.-10 2.hF O t J  3.34 1.7E 0 3  
I .  1 9 t  - 10 4 . 3 :  o u  3 . h Z  3.1E 0 3  

7 .  6.1I: -07 1. j c - 0 1  2 .31  8.6E 01 

7 . 3 5 L - 1 1  7 . , J C  01, 3 . 9 3  5.3E 0 3  
4 . 7 5 . - 1 1  1 . 1 t  0 1  
3 .  IOF-11  1 . 7 c  0 1  
> . J Y I _ - 1 1  2.5i 0 1  
1 . 4 5 t - 11 3 . L K  0 1  
l .d2!:-11 5.OE 01 
7 .  3 4 C - L ?  7.tJC 0 1  
5.31t - 1 2  7.4c 0 1  
3 .  Y 8 L - 1 2  1 .3c  0 2  
3 .00'- 12  1.7L 0 2  
2.2YE-1 7 2.?� 02  
1 . 7 7 t - 12  2.2F 0 2  
1 . 3 ~ - 1 2  3.7' 0 2  
1 . l ) 3 c - 1 2  4.1F 02  
4 . 6 4 t - 1  3 h . J t  U L  
h .  	9 3 L - 1 3  7. ' tF 0 2  
5.61:-13 7 . 2 6  0 )
4 . 5 7 1 - 1  3 I . l F  0 :;.r 6 c - i  3 I . * E  0 3  
3.11:-13 1 .  7 F  0 3  
2 . > n L - l 3  ?.,JC 0 3  
7. 1 6 F  - I 3 ?.'*!- 0 3  
l . t J L k - - 1 3  2.dF 0 3  
1. 	) 4 L - 1 3  3 . 3 F  0 3  
I - 3  1i: - 1 3 3 . l C  0 3  
1 . 1 2 E - I 3  4.!,F 0 3  
'J . f>1: - -14 5.3E 0 5  
-!.2'9 I-- I 4 h . 2 i  o>  
7 . l e t - 1 4  r.iF 0 5  
h .24; - 1 4  FJ.?E 0 3  
'>. 4 4 L  - 1 4  9 . 4 F  0 3  
4 .7 hE - 1 4 1.1: u 4  
4 . 1 9 - - 1 / 1  1 . I F  0 4  
3 .  	67'. - I 4  1.4= 0 4  
3 .Ihf - 1 4  l . ' > k  0 4  
7 . n J L - l ' t  1.'11. O S  
2 . 5 1 ,  - I ' t  ? . I c  O S  
) . > U ' . - 1 4  2.21 n4 
) . , > > I !  -1't  ?:,L 0 4  
1.,34r - l '+  2::L 0 %  
I .f ,5 - 1 4  3 .  I C  3 4  
1.4') -1 ' t  3.<,r 04
I .  3 4 - - 1 4  3 .  i t  O'r 



W L E  I11 

NASA MARS ATMOSPHERE: 
HODEL 2 
(ne=)

Metric U n i t e  

v\

4 
x 
0 
0) 

xu] 
0) Q E
TI 3 ';.a 
d3 4  84: 
5 

v)
.A
P 

1 25 .7  2 .3E-04  1.51 

2 
3 

25 .5  
75.1 

2 .4C-04  
2.5E-04 

1.4n 
1 .46  

4 2 4 . 1  2 . 6 � - 0 4  1 .43  
5 24 .3  2 . n ~ - 0 4  1.41 
6 23 .7  2.YE-04 1.3H 

7 
a 

7 3 . 6  
2.3.2 

3 . O E - 0 4  
3 . I E - 0 4  

1.36  
1 . 3 3  

9 
1IJ 

22.3  
27.4 

3 .3F-04  
3.4E-04 

1.31 
1 .79 

11 2 Z . c )  3 . h E - 0 4  1.26 

1 2  2 1 . h  3.1E-04 1.24 
1 3  21.2 3.YE-04 1 .22  
1 4  20.? 4 . l F - 0 4  1 .20  
15 21J.4 4 . 3 t - 0 4  1 . 1 1  
16 29.)  4 . 2 E - 0 4  1 - 1 3  
1 7  l ' l . ! ,  4.UF-04 1 .13  
18 1 9 . 2  5.UE-04 1 . 1 1  
1'3 1 5 . t ~  5 .4F-04  1 . 1 1  
2 0  1 3 . 5  5 .cE-04  1 - 1 1  
2 1  1 3 . 5  6 .2C-04  1 . 1 1  
2 2  1 5 . 6  6 .  I C - 0 ' 1  1.11 
2 3  1 3 . 6  7 . 2 E - 0 4  1 .11  
2 4  1 3 . 6  7.L)E-04 1 . 1 1  
2 5  i 3 . t ,  i ) . 4 r - 0 4  1 - 1 1  
2 h  1 3 . 6  '1.iJC-04 1 . 1 1  
2 1  1 3 . 6  ' 3 .  7t-0'1 1 . 1 1  
2 n  1 3 . 1  l - ( J t - C ) 3  1 . 1 1  
2 '4 13.7 1.1f-03 1 .11  
30 13 .1  1.2F-OI 1 . 1 1  
3 1  1 3 .  I 1 .  3 t - 0 3  1 . 1 1  

0 ? L , 3  2 . 2 E ' O Y  I ,  5q 

52 15.7 l . ' + F - O 5  1 - 1 1  
3: 1 3 . 1  I.5C-113 1 . 1 1  
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s

% a
54 Q) 
0)afP :ga. 5
8 G Q)m n .-. 

B 
34 180.3 1 3 . 7  1.6E-03 
35 1tCG.l) 1 3 .  I I .  7E-03 
36 
37 

1t3U.J 
1PO.J 

1 ) . 1  
1 3 . 1  

1. )E-03 
2. i1E-03 

38 l t J O . 0  13.7 2.2E-03 
3') lt10.3 1 3 . 1  2.3E-03 
40 180. 1 3 .  I 2.>C-03 
41 180.0 1 3 . 9  2.7E-03 
-42 1.80.0 13.2 2.-JE-03 
43 180.3 13.6 3 .  IE-O3 
44 1HO.J 1 3 . 6  3.4E-03 
45 180.3 1 3 . H  3.6E-03 
46 L Z L ' . c ,  13.:) 3. YE-0 3 
47 1 8 O . i J  13.Y 4 .2 t -03  
.4a l J O . ! J  13.t 4.5E-03 
4 9  190.<I 1 3 . 8  4.UE-03 
50  180.0 13.6 5.2E-03 
5 1  180.J 1 3 . 3  5.6E-03 
52 lnlJ.0 13.1: 6.0C-03 
53 lkl0.0 1 3 . 9  6.4E-03 
54 180.0 1 3 . 3  6.7'2-03 
55 180.3 1 3 . 3  7.4E-03 
56 180.0 13.9 8.0E-03 
57 180.3 13.9 8. 6E-03 
58 180.0 I % . < I  9.2E-03 
5 9  180.0 13.3 9.YE-03 
60 -1eo.u 1 3 . ~ 2  1. I E - 0 2  
61 180.:) 1 3 . 9  1.1F-02 
62 1eo.o 13.3  1.2E-02 
6 3  180.J 1 3 . 9  I .  >E-02 
6 4  180.0 15.9 1 -4E-02 
65 186.9 1'3.9 1.5E-02 
6b 180.0 14.3 1.6E-02 
67 18U.O 14.3 I .OE-07 
68 180.3 14.0 1:+E-Oi! 
63 18U.J 14.0 2.u)E-02 
70 180.0 l4.0 z .2F-02 
71 i m . 3  14.0 2.35-02 
72 100.0 14.0 2.5E-02 
73 18G. J 14.3 2.7E-02 
74 180.~1 14.0 2.')�-02 
75 l t O . 0  14.0 3. 1E-02 
7 6  lUO.9 14.0 3.3E-02 
77 180.3 14.i) 3 .6 t -02  
7 8  180.0 I+.  I 3.4E-02 
7') 180.0 14. I 4.lC-02 
8 0  180.0 14.1 4 -4E-02 
8 1  120.0 14. I 4.UE-02 
82 180.0 14.1 5 .  I F - 0 2  
83  1 8 7 - J 1 4 - 1 5.>E-02 
84 18(J.C 14.1 5.JC-02 
8 5  iau.2 14.1 6 . 3 E - 0 2  
86 
8 7  

i JI H .). 
I 8 . ) .  :; 

14.1 
14.1 

6.0'-02 
7.3C-07 

8 8  I ? $ O - ' J  l % . l  ?.LIE-01 
8Y 8 [J .IJ  I + .  I R.4t-02 
90 I d ' J . . l  14.7 9.3C-02 
91 I 3 0. , i 1'1.7 0. I t - 0 2  
9 2  LOO..:, 14.2 1.0t-01 
9 3  1 8 . ) . \ 1  1 + . 2  1. It-01 

v\ a 
X 

0 
e, 


3,"
G%3 
8 x  co 

.rl
3 

1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1 - 1 1  
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1 .11  
1.11 
1.11 
1.11 
1.11 
1.11 
1 - 1 1  
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
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..A 

"F?I 

K 

0 
Q) 

A m& E  

8 x  
m
4

P 

1.11 
1 .11  
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 

4
5
0 a
%ikF3 


E3 w 

YV led.  1) 3.39E-02 
9 5  180. l i  3.1hk-02 
9 6  13u.L) 1 .95C-02  
9 7  
9 8  

180 .0  
180 .3  

7 . 7 5 ~- 0 2  
2 .5 b r_ -0 2 

9 v  I M O . 0  2 . 3 7 5 - 0 2  
100 180.0 2 .23E-02  
110 189 .0  1 .106 -92  
1 2 0  180.0 5.5 I � - 0 3  
130 180.0 2 .76E-03  
140 i a o . 0  1 . 3 8 E - 0 3  
1 5 0  18[1.0 6 . 9 8 5 - 0 4  
160 200.0 .3.66rI-O4 
1 7 0  2 2 0 . J  2 .05F-04  
180 2 4 0 . 3  1 .21c -O4  
1 9 0  2 6 0 . 0  7.4 7 : - 0 5  
2 0 0  280.9 4.7YE- '35 
2 1 0  300.0 3 .18E :05  
2 2 0  320 .0  2. t 7 E - 0 5  
2 3 0  340.0 1 .526 -05  
2 40 360.')  1.085-05 
2 5 0  380.0 7 :42E-06 
2 6 0  400.0 5.YRE-06 
270 420 .0  4 .4SE-06  
2 8 0  4 4 0 . 9  3.40 C -0  6 
2 9 0  460.0 2 .64F-06  
3 00 480 .0  2 .07F-06  
3 1 0  500.U 1 .65E-06  
3 2 0  520.3 1 . 3 2 E - 3 6  
330  540 .0  1 .07E-06  
3 4 0  5 6 0 . 0  3.76E-07 
3 5 0  580.0  7 . 2 2 ; - 0 7  
360 6 0 0 . 0  5 .99E-07  
3 7 0  620.11 S . O ~ E - O ~  
3 8 0  640.6 ' t . 2 2 E - 9 7  
3 9 0  6 6 0 . 0  3 .57E-0  7 
4 0 0  680.c) 3 .34E-07  
4 1 0  7 0 0 . 0  2 - 6  LF-07 
4 2 0  720.0 2 .24E-07  
4 3 0  7 4 0 . 3  1 . 9 4 t - 3 7  
4 4 0  760 .0  1 .67C-0  7 
4 5 0  780 .0  1 .47E-07  
4 6 0  4 0 0 . 0  1 . 2 7 t - 0 7  
4 7 0  i l20 .0  1 . 1 4 ~ - i ) 7  
4 8 0  840.U 1 . 0 0 ~ - 0 7  
4 9 0  d6O.0 Y.39E-08 
5 0 0  880.0 i .'31t - 0 8  
5 1 0  300.0 7 . 0 h F - 0 8  
5 2 0  720 .u  6.3?E-08 
5 30 0 4 0 .  0 5.6 tc-otl 
5 4 0  3 6 0 .  0 5.1OL-OH 
5 5 0  9 8 O . U  4.61:-OD 
5 60 1000.0 4 . i r z - o ~ ~  
5 70 1020.0 3 .7a t -o i l  
580  i 1) 4 o .1.1 3 .44 ;  -08 
5 9 0  1063 .0  3 . 1 5 : - a f l  

. I 4  
9)s 

IF! 
 3c) E4 
VI 0 

4) 

%i'"kgVI 
 i
5 P)n x 

h . 7 4 c - 0 ~  2 h b .  14.2 1.2E-01 
b.7HE-GH 266. 1 l t . Z  1.3E-01 
5.d5C-08 266. 14.2 1.4E-01 
5.45C-08 2 6 6 .  14.2 1 . 5 i - 0 1  
5.U8E-08 2 6 h .  14 .2  1.6E-01 
4 .74L-08  2 6 6 .  14 .2  1.7E-01 
4.42E-0d 2 6 b .  14.2 L.8E-01 
? . l Y C - 0 8  2 6 6 .  14.3 3.7F-01 
1.03C-08 2 6 h .  14 .4  7 .  ~ - 0 1  1.11 
5.47E-09 2 6 6 .  14.5 1.5E 00 1.11 
2 . 7 5 f - 0 9  2 6 6 .  1 4 . h  2.YE 0 0  1 .11  
1 . 3 9 i - 0 9  2 6 6 .  14 .6  5.UE 00 1.11 
6 . 5 4 5 - 1 0  2 8 0 .  14 .1  1.7E 0 1  1.22 
3 .  	33.5-10 2 9 4 .  15.5 2.4E 01  1.34 
1.3Ot-LO 3 9 7 .  11.0 4.5E 01 1.47 
1.03C-LO 31'3.  18 .5  7.VE 01 1.60 
6.llc-11 3 3 1 .  20.1 1.3F 07  1.73 
3 .18 ' ; -11  3 4 3 .  21.h 2 . l t  0 2  1 .88  
2 .42 t r -11  3 5 4 .  2 3 . 2  3 . 3 E  0 2  
1 .59C-11  3 6 5 .  24.7 5.1E 0 2  
1.08E-11 3 7 6 .  26 .3  7.5E 0 2  
7 .44E-12  3 8 6 .  27.'4 1 . 1 E  0 3  
5.25E-12 3 9 6 .  77.5 1.5E 0 3  
3.7RE-12 4 0 6 .  31.1 2 . 1 E  03 
2.76'1-12 4 1 5 .  37.8 ?.YE 03 
2.05E-12 4 2 5 .  34.4 3 . 4 t  0 3  
1 .54E-12  4 3 4 .  3 6 - 1 5 . 2 t  0 3  
1.18E-IF 4 4 3 .  37 .  i 6 . 8 E  0 3  
.1.09'-13 4 5 7 .  3 ? . 4  8.9E 0 3  
7 .09E-13  4 6 0 .  4 1 . 1  1 . I E  0 4  
5.S')E-13 4 6 9 .  42.9 1.4E 0 4  
4 . 4 5 5 - 1 3  4 7 7 .  4 4 . 6  1 . a ~0 4  
3.57C-13 4 8 5 .  4h.3 2.3E 0 4  
2 .37C-13  4 9 3 .  40.1 2 . t l t  0 4  
2 . 3 5 t - 1 3  5 0 1 .  49.9 3.4E 0 4  
1. '232-13 50'3. 51 .7  4.2E 0 4  
1 . 6 0 5 - 1 3  5 1 h .  53 .5  5.OE 0 4  
1 .33E-13  5 2 4 .  5 5 .  J 6 . l E  0 4  
l . l l E - 1 3  5 3 1 .  57.1 7.2E 0 4  
7 . 3 7 ' - 1 4  533. 5'3.0 R.6E 0 4  
7 . ' 33k -14  5 4 6 .  60.4 1.0E 0 5  
6 . 7 4 E - 1 4  ' 5 5 3 .  62.7 1.2E 0 5  
5 . 7 6 � - 1 4  5 6 0 .  6 4 . 6  1.4E 0 5  
4 . 9 5 5 - 1 4  5 6 1 .  66 .5  1.bE 0 5  
4 . 2 7 ' - 1 4  5 7 4 .  68.4 1.YE 0 5  
3.69E-14 581.  70 .3  2.2E 05 
3 . 2 i ~ - i 4  5 8 r .  77.3 2.SE 0 5  
2 ; f l 0 5 - 1 4  5 7 4 .  7 4 . j  2 .9E  0 5  
2.451;-14 6 0 1 .  76.7 3.3E 0 5  
7 .15E-14  6 0 7 .  7a.2 3.7E 05  
1 . Y O t - 1 4  6 1 4 .  80.2 4.2E 0 5  
i . h n c - 1 4  6 2 3 .  82.7 4.8F 0 5  
1.4OF-14 6 2 6 .  8 4 . 1  5.4E 05  
1.32C-14 6 3 2 .  86.3 6 . l E  05 
1 .  	I 8 L - 1 4  6 3  1 .  88.4 6 . 8 E  0 5  
1 .065-14  h b i .  9 0 . 5  7.6E 05  
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TABLE IV 

NASA MARS ATMOSPHERE 
MODEL 3 

(Minimum) 
English Units 


P­

4 a 
3 Ar?!l H 4'

.A m\o 

b ,co
I 

0 0 
Q, 0 m 

;t:#-4 cu.a 
m 

> u i u  
;3  a c1 *s 0 

tu I: * P) 
c) 

a x c, QO et4 a 0 . l i3% .: <ap cd @> 
v) 

33  O'\ 
4 

h k 

g: zC k
e+, k 4  cng P+,22 .A l.9 7 1  G-i .ti k

$Lo cn II, 01 
0) rz 0) a,8 k 9 - v1 


.rl
5 B PI i2 2 6 
.< 

4 P­


9.1000 
0.0033 

3CQ.O 
351.8 

I .qsc-ai
1 . j 4 C - 0 1  

. 4 .  \ q F - 0 5  
3 .Y5E-05 

e 3 y .
3 2 4 .  

0 .Ob& 
0.055 

I. C(E-05 
1.5E-05 

7.30 
2.24 

S. SC-oa 
5.7E-03 

0.0066 343.6 1.23C-01 3.72E-05 814. 0.054 1.6E-05 2.18 5.9E-03 
0.0098 335.4 1.13i-01 3 .50 i -05  (104. 0.053 1.7E-05 2.13 6 . lE -03  
0.0131 327.2 1.03E-01 3.28E-05 795. 0.051 1.8E-05 2.08 6.4E-03 
0.0164 319.0 Y.45E-02 3 - 0 H C - 0 5  785. 0.050 1 .'>�-OS 2.03 6.6E-03 
0.0197 310.9 8. 62E-02 2 .98E-05 774. 0.049 2. OE- 0 5  1 - 9 8  6.9E-03 
0.0230 302.7 7.84L-02 2.67F-JS 164. 0 . 0 4 ~  2.ZE-05 1.94 7.2E-03 
0.0262 244.5 7.17E-02 Z.51E-05 75%. 0.046 2.3c-05 1.89 7.5E-03 
0.0295 2t36.3 6.445-02 7.34E-05 143. 0.045 2 .5E-05 1.84 7.9E-03 
0.0328 273.1 5.3 I � - 0 2  2.17L-05 7-32. 0.044 2.7E-05 1.79 8.3E-03 
0.0361 263.9 5.23c-02 2 - 0  I t- 0 5  122.  0.043 2. ' 9 E  -05 1.75 8.7E-03 
0.0394 261.7 4 .6J t -02  1.YhE-05 111. 0.041 3.2E-05 1.70 Y-1E-03 
0.0421 253.5 4.19C-02 I 7 2 t - 0 5  609. 0.64O 3.46-05 1.65 9.6E-03 
0.0459 245.3 3 . 7 4 ~ - 3 2  1 .58 f -05  h 8 e .  0.039 3.7E-05 1.61 1.OE-02 
0.U492 237.1 3.3 l t - 0 2  I .45"-05 h7h. 0.038 4. OE- 05 1.56 1- LE-02 
0.0525 229.0 2.93;-02 I 33i-05 h h 5 .  O.03h 4.4E-05 1.52 l . l E - 0 2  
0.055Y 
0.0591 

220.8 
212.6 

2 . 5 a ~ - o z.'.2 6 ~ - 0 2  
1.21E-05 
1.1Ut-05 

653. 
b40. 

0.035 
u.034 

4.8E-05 
S.3F-05 

1.41 
1.43 

1.2E-02 
1.3E-02 

0.0623 204.4 1.Y6E-02 ' 9 .  IYC-06 o2e. 0.033 5. JC-05 1.38 1.4E-02 
0.0656 1 )6.2 !.705-02 7.0 1E-06 615. 0.031 6.5E-05 1.34 1. 5E-02 
0.0689 1 8 Y . O  1.4bE-02 8 .  1 05 -116 hO?. u.030 7 - 3 6 - 0 5  1.30 1.6E-02 
0.0722 1 1 9 . 6  1 . 2 5 ~ - 0 2  7. 14: - 0 6  'Jd9. 0.02Y 8. I F - 0 5  1.25 1.7E-02 
0.0755 173 . i  1 .rJ 7C-32 5. 17!;-Oh 5 8 5 .  '1.021 9.5r -05 1.25 2.OE-02 
0.0787 119.3 3.10'-03 5.76E-06 580. 0.021 1 .  LE-04 1.25 2.4E-02 
0. 082r i  173.4 1.7hE-03 4.48E-3h 5.33. o .021 1. >E-04 1.25 2.AE-02 
0.0853 177.3 I,. 6 1 1-0 3 3 .  B2c -!I6 394. 0 .021  1 .5C-04 1.25 3.3E-02 
O . O H t l h  1 r'J.3 5.64C-lJj 3 .26r-06 58 ' ) .  r t . o ? i  I .'I E -04 1.25 3.9E-02 
0.0919 179.d 4.81;-03 2.7dE-Ob 56 ?. (1. O.! 1 2.1 E-04 1.25 4.5E-02 
0 .(1'35 1 I l 9 . J  4 . 1 0 E - 3 3  7 . 3 1 1  - 3 b  '>d J. I J  - 112 1 7 - 5 5 - 0 4  1.25 5.3E-02 
0 . 0 2 ~ 4  l l l . 3  5.50s-03 7 .  'J? -36 I d  I. 0.u71 2 - 2F-04 1.25 6. ZE- 02 
0.1017 1 7 ? . X  2 .  ) d E - W  I .  72F. -Ot ,  'J 0 '9 . t i . 0 2 1  3.4t -04 1.25 7.3E-02 
0.1950 179.b /.C,rJc-o> 1 .'t71:-0h 5 Y '9  . 0.021 4 -0E-04  1.25 d.5E-02 
0.1083 17 f.h 7 .17 t - r J  3 1 . 1 6 k - 0 6  5 1  j.  0.071 4. l i - 0 4  1.25 1.OE-01 

42 




-4 

I 

4 
e-a 

A Ab!l w.ti 
\o

5 0 0 
cr\ 

a -% c Q) 

3 
0

2 ;3 % Po 

D O  0 
E4 +, S V>e 0 Q)

K Q) U X  P) h<
% a> b - 2  

G I 0  
h

.Qrl 
O\ 

4 -Q+J 
z 2.9 -2<4' e  !da 23 .g 63 Wc-l T i  44 8G Q)3 D 

9 E %  

3 mgo E 2 
.q 
2 v) 

P, r 2  I& i A * i?! 
0.1116 1 T 9 . t i  L.d>c-0 3 1 .(174. -;I6 5 d  3 .  0.d21 5.5c-04 1.25 I.2E-01 

0.1148 179.d I .531--03 '1.145-07 >nJ. 11 . I )  2 1 5 - 4 6 - 0 4  1.25 1.4E-01 

0 .1181  1 1 3 . 3  1. > 5 E - 0 3  7. dOC-07 >YY. u.021 7.5E-04 1 . 2 s  1-6E-01  

O . 1 2 l r  179.3 1 . 1 S t - 0 3  h . 6 5 6 - 0 7  58'1. 11.021 8 . d E - 0 4  1.25 1 -9E-01  

0.1247 17 3 . 8  I .  H 3 t - 0 4  5 .h8 t -37  5 8 ' ) .  i).o21 1 .0c-o3 1.25 2.2E-01 

0.l780 179.8 e .  33E-04 4 .  cl5c -0 7  583. 0.021 1.LE-03 1.25 2.6E-01 

0.1312 1 l + . M  7.16C-04 4.14E-07 5 8 9 .  0.071 1 -4E-03  1.25 3 . O E - 0 1  

0.1345 173.8 6. I l t - 0 4  3.53t -07 58s .  0.021 1.7E-03 1.25 3.6E-01 

0.1373 179.8 S.22 i -04  3 . 0 2 i - 0 7  7 8  I .  0.021 1.9E-03 1.25 4.2E-01 

0.1411 179.d 4 .46 t  - 0 4  2.5 85 -0 7 3 8  2 .  0.071 2.3E-03 1.25 4.9E-01 

0.1444 I 79.n 3 .  d I E - 0 4  I .  205-07  389. 0.021 2.7C-03 1.25 5.7E-01 

0.1'176 1 1 1 . 8  3.2St-04 1 .U8E-07 583. 0.071 3. I E - 0 3  1.25 6.7E-01 

0.1509 114.8 2. T h t - 0 4  I .6 1 I_ -c) 7 589. 0.021 3. TF-03 1.25 7.8E-01 

0.1542 119.8 7.3 7F- 114 1.3TC-07 589 .  0.021 4.3E-03 1.25 9.2E-01 

0.1575 1 7 7 . 8  2.0 3 C  - 0 4  1.17C-07 58 3. 0.021 5. J t - 0 3  1.25 1 . l E  00 

0.1608 1 1 7 . 8  1 . 7 3 t - 0 4  1 . d U i - O  I 5 8  1 .  u.nz1 5. '9E- 0 3 1.25 1.3E 00 

0.1640 
0.1673 

179.8 
1 I Y . 3  

I . 4 8 � - 0 4  
1.76E-04 

r ) .  55'-08 
7.3 L E  - 0 Y  

5HQ. 
'J8 >. 0.021 

0.021 
6 .  I F - 0 3  
e. O E - 0 3  

1.25 
1.25 

1.5E 00 

1.7E 00 


0.1706 1 I Y . 4  I -0I3E-04 2 f 2 5  t - 0 8  5YY. 0.071 9 .  '+ � - 0  3 1.25 2.OE 00 

0.1739 1 1 9 . e  '3.24t-05 5 . 3 4 t - 0 d  5 8  9 .  0.071 1. L E - 0 2  1.25 2.4E 00 

0.1772 17V.d 7.90E-35 4.565-0d 589. 3.u21 1.3E-02 1.25 2.8E 00 

0.1805 179.d h.75E-05 3.90E-08 5 13Y . 0.021 1. 5E-02 1.25 3.2E 00 

0.1837 I 1v.a 5.77E-05 3.34C-OH 58'). 0.021 1.BE-02 1.25 3.8E 00 

0.1870 1 1 9 . 6  4.9 3E-05 2.a5i- iSa 584. i1.021 2. IC-02 1.25 4.4E 00 

0.1Y03 11Y.d 4.22C-05 2.44E-0d 589. d .021 2.4F-02 1.25 5.2E 00 

0.1936 173.d 3 .S lE -05  2.09E-Od S89. 0.021 2. dE-02 1.25 6.OE 00 


. O . l 9 6 9  17'3.8 3 -09E-05  1 .  I8t-08 589. 0.071 3.36-02 1.25 7.OE 00 

0.2 ?) 0 1 179.8 2 .64 t -05  1.53:-08 5 8 9 .  0.021 3.9E-02 1.25 8.2E 00 

0.2034 119.8 2.26E-05 1.30t-OY 589. 0.021 4.SE-02 1.25 9.6E 00 

0.2067 179.8 I -73E-05  1.12E-Od i a 9 .  0.021 5 .3E-07 1.25 1 . I E  01 

0.2100 179.8 1.65E-05 9.5 5E -O Y  58.4. 0.021 6 .2 t -02  1.25 1.3E 0 1  

0.2133 1 TY.O I . 4 1 t - 0 5  R.l7L-(19 say .  0.021 7.2E-02 1.25 1 . 5 E  01 

0.2165 1 1 9 . 8  1.21.E-05 5. Y Y F - 0 7  583. 0.021 8.4E-02 1.25 1.8E 01 

0.2198 119.d 1.04E-05 5.9dE-04 5 8 9 .  0.021 9. d E - 0 2  1.25 2.1E 01 

0.7231 179.0 Y.d6E-06 5.17L-0') 589. (1.021 I - L E - 0 1  1.25 2.5E 01 

0.2264 1 1 9 . 8  1 . 5 9 ~ - 9 6  4.3HL-09 58'4. 0.021 1.3F-01 1.25 2.9E 01 

0.2297 
0.2330 
0.2362 

119.3 
119.8 
I 19.8 

h.49E -0 h 
5.56E-06 
4.76t  -06 

3. r5 r -0 '4  
3.71cI-09 
2 7 5 ~ - 0 4  

5 8 9 .  
> a  >. 
58'4. 

0.071 
n.i)21 
0.071 

l.6E-01 
l . aE-01  
2 . IE -01  

1.25 
1.25 
1.25 

3.3E 01 

3.YE 01 

4.6E 01 


0.2395 179.d 4 . n ~ c - c 6  2.36;-0.1 5 8 9 .  0.021 2.5F-01 1.25 5.3E 01 

0.2428 1 19.?3 3.47E-04 7. t12C -G 3 5 8 9 .  0.021 2 .Y E - 0 1  1.25 6.2E 01 

0.2461 117.ei 2 .39 t -06  1.73C-09 ' jay. 9.071 3.4C-01 1.25 7.3E 01 

0.2494 11'7.b 7.56t-06 1 . 4 Y E - 0 ' 3  50'). rJ.021 4.06- 0 1 1 - 2 5  8.5E 01 

0.2526 
0.2559 

1 T Y . d  
17Y.3 

3.1%-06 
I .dfiC-06 

1.7 l i - 9 9  
1 .  J 3 F - 0 9  

58'). 
&> 8 3  . 0.021 

11.021 
4. h F - 0  1 
5.46  -0 I 

1.75 
1.25 

9.9E 01 

1.2E 0 2  


0.2592 119.a 1.61;-06 ' 3 . 3 0 t  - IO 5 8 9 .  u.021 6.3E-01 1.25 1.4E 02 

0.2625 
0.2658 

17Y.8 
1 /').a 

1.386-06 
1 .1  M E - 0 6  

7. ' I  7E - 10 
6 .  H 3 L - 10 

5 0  9 .  
58'). 

v.021 
0.021 

7.4C-01 
8.6C-01 

1.25 
1.25 

1.6E 0 2  

1.8E 0 2  


0.24'30 179.d 1.0lE-O6 5.~35:- 13 r,de r1 .  9.071 1.0F. 00 1.25 2.1E 02 

0.2723 1 19.a i l  .h HE -0 7 'J - 0 2 ' - !.0 58.3.  11.021 1 . C i  ou 1.25 2.5E 0 2  

0.2756 
0.27%9 

1 7 Y . i )  
177.8 

7.44E-07 
s.3t3c-07 

4 .3O i -15  
3 .I, nc - 10 

5 8  3. 
587. 

0.021 
0.021 

1.4C 00 
l . h E  00 

1.25 
1.25 

2.9E 0 2  

3 .4E  0 2  


0.2822 173.8 i .4 7c -07 3 .  I h C - 1 0 5 d 9 .  0.071 I:>C ou 1.25 4.OE 0 2  

0.2854 119.8 4 - h'3E -0 7 7.71C-lG 587. 0.02 I 2.7L 00 1.25 4.6E 0 2  

0.2tih7 114.8 G . 0 2 ~ - 0 7  7. >?k- 10 3d  3. 0 .021 2.3c 0u 1.25 5.4E 02 

0.2 120  177.3 3.4 4 I--0 7 1 . 3 9 ) r - I O  5 H 7. o.nzi 3 . , l f  00 1.25 6.3E 02 

0.2Y53 1 1 7 . 3  C . '35E -0 7 L - 7 1 F - 1 0  >H7. rl.  r) z I 3 . 4 c  00 1.25 7.4E 02 

0.2786 171.4 2.5 3 E - 0 7  1 - 4 6 t - 1 0  51) 3. O.lI2 1 't.lJL 00 1.25 8.6E 02 

0.3017 I f j . 4  Z.17c-07 I .Lht -10 '5fl4. u . n z i  4 . IF  00 1.25 1.OF 03 

0.5051 1 f 3 . 3  1. .?bL-O 7 l . ( J l J ~ - l : )  5 8 ' 3 .  11.071 5-31' 00 1.25 1.2E 03 
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-0 

'0
P I  

x 
0 w 
$4 

4 %  
.rl

2 
0.30134 

0.3117 

0 . 3 1 5 0  

0 . 3 1 d 3  

0.3215 

0.324b 

0.3281 

0.3609 

0.3937 

0.4265 

0.4553 

0.4921 '1.022 3.Of 04 


1.25 1.4E 0 3  

1.25 1.6f 03 

1.25 1.W 03 

1.25 2.2E 03 

1.25 7.5E 03 

1.25 Z.9E 03 

1.75 3.4E 0 3  

1.25 1.6E 0 4  

1.25 7.1E 04 

1.25 3.2E 0 5  

1.25 1.4E 06 

1.25 6.3E 06 
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W L E  IV 


NASA MARS ATMOSPHERE 

MODEL 3 
(-4

Metric Unite 


1 195.4 4 .2 lC  0 0  2.03E-35 2 5 1 .  
2 190 .3  R.48E 00  1.71E-05 2 4 8 .  
3 186 .3  1 . 7 8 ~  .go 1 - 8 0 L - 0 5  245. 
4 181.11 7 . 1 3 c  00 1 .69C-05  2 4 7 .  
5 177.7 6.51E 00 1. S 8 C - 0 5  2 3 9 .  
6 
i 

1 7 2 . 1  
1 6 8 . 1  

5 . 3 4 F  00  
'5.40t J c )  

I . 4 a ~ - r ~ 5  2 3 6 .  
1.3YL-JS 2 3 3 .  

8 163 .6  '1.YOE rJ0 1.2 9:  - 0 5  2 3 0 .  
9 159.0 4.44F 00 1.2Oi-05 2 2 7 .  

10 1 5 4 . ;  4 .01F J0 1.1 2E-JS 2 2 3 .  
11 149.Y 3 - 6 O i  '90 1 . 0 4 ;  -a5 729.  
12 145 .4  3.23' 00 c). s 9 r  -0 6  21 7. 
1 3  140.d 2.89E 00 8 .  US?-06 2 1 3 .  
1 4  1 3 6 . 3  2 . 5 7 ~  00 d .14E-06  2 1 0 .  
1 5  1 3 1 . 7  ?.28l. 3 0  7 .47E-06  2 0 6 .  
10 127.2 2.02,: 0 0  h . 3 4 : - 3 6  2 0 3 .  
17 122 .6  1 . 78 - 0 0  6 . 2 4 E - 0 6  1 Y Y .  
18  1ld.l 1.S5C i)0 5.67E-36 1.45. 
1 9  1 1 3 . 5  1.35L 0 0  5.14E-06 191 .  
2 0  
2 1  

109 .0  
1 0 4 . 4  

I .  1 7 c  !)!I 
1.Oli l lo  

4 .  h4E -U 6  188 .  
4 . 1 7 1 - 0 6  1 H't . 

22 99.9 R . 6 3 t - 9 1  1 . 7 3 L - 0 6  LOU. 
23 '9 7 ..2 7 . 3 4 ; - 0 1  3 . 1 8 : - 3 6  1 8 0 .  
2 4  '79.9 4 . 2 7 : - 9 1  2 .  71 : -Oh  180 .  
2 5  
2 6  

')Y.7 
'i9 .7 

i .  35i-01 
4 . 5  6 t - 0  1 

2 . 3 l L - 0 < ,  180.  
I .  476-Ub 18,). 
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